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© Porous film manufacturing apparatus. 

© A porous film manufacturing apparatus is dis- 
closed, which can continuously and uniformly form a 
large number of uniform through pores or blind 
pores, each having a size arbitrarily selected in the 
range of sub-um to several tens urn, in an elongated 
film (36) made of various types of materials, such as 
polymeric materials and metals, at a high density 
(e.g., 5.000 to 200,000 per cm 2 ), without almost any 
deterioration in essential characteristics of the film 
materials. The manufacturing apparatus includes a 
feed means for feeding an elongated film (36), a 
perforating unit (20) including a first rotatable roll (6) 
having a surface on which a large number of par- 
ticles (7), each having acute corner portions and a 
Mohs hardness value of not less than 5, are depos- 
ited, and a second roll (16) which is rotatable in a 
direction reverse to a rotating direction of the first 
roll (6). the first and second rolls (6. 16) being 
arranged to oppose each other and to cause the 
elongated film (36) to pass therebetween, one of the 
rolls (6. 16) being stationary, and the other roll (16) 
being movable in a direction to oppose the one roll 
(6), and a pressure control means (35), arranged 
near two end portions of the movable roll (16) of the 
unit (20), for controlling a pressure applied from 


each of the rolls (6, 16) to the film (36). 
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The present invention relates to a porous film 
manufacturing apparatus and, more particularly, to 
an apparatus for manufacturing a porous film hav- 
ing vapor permeability or both vapor permeability 
and air permeability and suitable for a material 
such as a sanitary material for a disposable paper 
diaper as a typical example, a medical material, or 
a clothing material. 

A method disclosed in Published Unexamined 
Japanese Patent Application No. 1-266150 is 
known as a conventional method of manufacturing 
a porous film. In this method, after a large amount 
of fine inorganic powder is added to a thermoplas- 
tic resin, e.g., polyethylene (normally, the amount 
of powder is 50 vol% or more of the resin), the 
compound is subsequently formed into a film, and-, 
the film is uniaxially or biaxially stretched at a high 
magnification to form open cells in the interface 
between the resin and the inorganic powder, thus 
forming fine pores communicating with each other 
in the form of a maze. 

In the conventional manufacturing method de- 
scribed above, however, the following problems are 
posed. 

(1) Since a large amount of inorganic powder is 
added, the essential properties (e.g., strength, 
softness and tranceparency) of a resin constitut- 
ing a film are considerably deteriorated, and a 
plastic-like film cannot be substantially obtained. 

(2) Since a large amount of inorganic powder is 
added, and the resultant film is uniaxially or 
biaxially stretched at a high magnification, this 
method cannot be applied to a film having elas- 
ticity, such as an elastomer film. 

(3) Since fine pores on the submicron order are 
formed in the resultant film so as to commu- 
nicate with each other in the form of a maze, the 
film has almost no air permeability although it 
has vapor permeability. For this reason, practical 
applications of the film are undesirably limited. 

As other porous film manufacturing methods, 
mechanical perforation methods such as a needle 
punch method and a heat fusion perforation meth- 
od are known. In the needle punch method, a 
thermoplastic resin film is perforated by pressing 
heated needles against the film. In the heat fusion 
perforation method, a thermoplastic resin film is 
perforated by fusing the film by using a heated 
embossed roll. 

In the above-described mechanical perforation 
methods, however, the size of each pore is as 
large as 100 urn, and it is difficult to form smaller 
pores. In addition, the above-mentioned pores can- 
not be formed at a high density (e.g., 5,000 or 
more per 1 cm 2 ). 

It is an object of the present invention to pro- 
vide a porous film manufacturing apparatus which 
can uniformly form- a large number of uniform 


through pores or blind pores, each having a size 
arbitrarily selected in the range of sub-um to sev- 
eral tens urn, in an elongated film made of various 
types of materials, such as polymeric materials and 

5 metals, at a high density (e.g., 5,000 to 200,000 per 
cm 2 ), with almost no deterioration in essential prop- 
erties of the film materials. 

It is another object of the present invention to 
provide a porous film manufacturing apparatus 

10 which can uniformly and continuously form a large 
number of uniform through pores or blind pores, 
each having a small size described above, in an 
elongated film made of various types of materials 
at a high density without shearing the film. 

75 It is still another object of the present invention 

to provide a porous film manufacturing apparatus 
which can uniformly form a large number of uni- 
form through pores in an elongated film made of a 
polymeric material without making scratches on the 

20 film. 

According to the present invention, there is 
provided a porous film manufacturing apparatus 
comprising: 

feed means for feeding an elongated film; 
25 a perforating unit including a first rotatable roll 

having a surface on which a large number of par- 
ticles, each having acute corner portions and a 
Mohs hardness value of not less than 5, are depos- 
ited, and a second roll which is rotatable in a 
30 direction reverse to a rotating direction of the first 
roll, the first and second rolls being arranged to 
oppose each other and to cause the elongated film 
to pass therebetween, one of the rolls being sta- 
tionary and the other roll being movable in a direc- 
ts tion to oppose the one roll; and 

pressure control means, arranged near two end 
portions of the movable roll of the unit, for control- 
ling a pressure applied from each of the rolls to the 
film. 

40 Examples of the above film are: various types 

of polymer films such as a polyolefin film (e.g., 
polyethylene or polypropylene), a polyester film, 
and an elastomer film; a composite film obtained 
by mixing a polymeric material with an inorganic 

45 powder such as a silica powder, a carbon powder, 
or an alumina powder; a laminated film obtained by 
laminating two or three polymer films made of 
different materials, a laminated film obtained by 
laminating a woven or nonwoven fabric on a poly- 

50 mer film, or a laminated film obtained by laminating 
an aluminum or copper film on a polymer film; and 
a metal film such as an aluminum or copper film. 
Note that materials for the metal layer and the 
metal film are selected from materials having hard- 

55 ness values smaller than the hardness value of 
each particl on the first roll. In addition, as th 
film, a film having a thickness of 1 urn to 1 mm 
can be used. 
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The feed means is, for example, a roller on 
which rolls of the films are mounted. Alternatively, 
the feed means can be an apparatus for forming 
film by inflation method or casting method if the 
elongated film is made of polymeric material. If this 
is the case, porous films can be manufactured 
directly from the polymeric material. 

The first roll has a structure in which a large 
number of particles, each having acute corner por- 
tions and a Mohs hardness value of 5 or more, are 
eiectrodeposited on the surface of a metal roll 
body or are bonded thereto with an organic or 
inorganic binder. As the particle having a Mohs 
harness value of 5 or more, for example, a carbide 
alloy particle (e.g., a tungsten carbide particle, a 
silicon carbide particle, or a boron carbide particle), 
a sapphire particle, a cubic boron nitride (CBN) 
particle or natural or synthetic diamond particle 
may be used. Especially, a synthetic diamond par- 
ticle having a large hardness value or strength is 
preferable. As the particles, particles having par- 
ticle diameters of 10 to 100 urn and a particle 
diameter variation of 5% or lower are preferably 
used. Since through pores or blind pores are to be 
formed in a film at a high density, the large number 
of particles are preferably deposited on the surface 
of the roll body at an area ratio of 70% or more. 

As the second roll, for example, one of the 
following rolls may be used: a roll having a hard 
surface such as an iron-based alloy roll and an iron 
roll whose surface is Ni-plated or Cr-plated; and a 
roll having a soft surface such as a roll obtained by 
coating a polymeric resin layer on the surface of a 
metal roll body, a brass roll, an aluminum roll, or a 
copper roll. Various types of polymer resins can be 
used. Especially, an urethane resin, silicone rubber, 
or the like having a good cushioning effect on an 
elongated film is preferably used. The second roll 
can be made of a hard metal, such as stainless 
steel, and thus have a hard surface, thereby a large 
number of through pores can be formed in an 
elongated film fed from the feed means. However, 
some blind pores may be included depending on a 
film material. The second roll can be formed by 
coating a polymeric resin layer on a roll body, and 
thus have a soft surface, thereby a large number of 
blind pores can be formed in a film fed from the 
feed means when it is pressed between the first 
and second rolls, because a cushioning effect acts 
on the film. 

The perforating unit is preferably constituted by 
the first and second rolls, shafts respectively ex- 
tending through the rolls, and boxes incorporating 
bearings serving to axially support both end por- 
tions of the shafts. 

The first and second rolls constituting the per- 
forating unit may b horizontally or vertically ar- 
ranged. In addition, either the first roll or the sec- 


ond roll may be set to be ^ovable. However, in 
order to facilitate mounting of the pressure control 
means, it is preferable that the fist roll be station- 
ary, and the second roll be movable. Especially, it 

5 is preferable that the first roll be stationary, and the 
second roll be arranged above the first roll to be 
movable. If the first and second rolls are arranged 
in this manner, the pressure control means are 
arranged on the upper surface near two ends of the 

io upper second roll. 

The pressure control means preferably include 
springs for biasing the boxes, arranged near the 
two end portions of the movable roll of the unit, 
toward the stationary roll. 

75 Two or three or more units, each identical to 

the perforating unit in which the pressure control 
means is arranged, may be arranged in the con- 
veying direction of the elongated film. If, for exam- 
ple, two units are to be arranged, a large number of 

20 particles, each having a Mohs hardness value of 5 
or more, which are deposited on the first roll of the 
unit of the first row may have a particle siz9 dif- 
ferent from that of particles deposited on the first 
roll of the unit of the second row. In addition, if two 

25 units are to be arranged, after an elongated film is 
caused to pass between and perforated by the first 
and second rolls of the unit of the first row, the 
elongated film may be caused to pass between the 
first and second rolls of the unit of the second row 

30 while the elongated film surface opposite to the 
perforated surface is in contact with the first roll (on 
which a large number of particles, each having a 
Mohs hardness value of 5 or more, are deposited), 
thereby perforating the upper and lower surfaces of 

35 the film. 

A destaticizing means may be arranged at the 
outlet of the perforating unit. This destaticizing 
means is constituted by a vessel in which, for 
example, pure water is stored, and an ultrasonic 

40 wave generating member for applying ultrasonic 
waves to the pure water. 

According to the porous film manufacturing ap- 
paratus having such an arrangement, the apparatus 
comprises: a feed means for feeding an elongated 

45 film: a perforating unit including a first rotatable roll 
having a surface on which a large number of par- 
ticles, each having acute corner portions and a 
Mohs hardness value of not less than 5, are depos- 
ited, and a second roll which is rotatable in a 

so direction reverse to a rotating direction of the first 
roll, the first and second rolls being arranged to 
oppose each other and to cause the elongated film 
to pass therebetween, one of the rolls being sta- 
tionary, and the other roll being movable in a 

55 direction to oppose the one roll: and a pressure 
control means, arranged near two end portions of 
the movable roll of the unit, for controlling a pres- 
sure applied from each of the rollers to the film. 
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With this arrangement, the apparatus, can continu- 
ously and uniformly form a large number of uni- 
form through pores or blind pores, each having a 
size arbitrarily selected in the range of sub-urn to 
several tens urn, in an elongated film made of 
various types of materials, such as polymeric ma- 
terials and metals, at a high density (e.g., 5,000 to 
200,000 per cm 2 ), with almost no deterioration in 
essential characteristics of the film materials. 

The second roll made of a metal or having a 
surface covered with a polymeric resin layer can 
be processed with a precision of several urn to 
sub-jxm by the current mechanical process tech- 
niques. However, the first roll constituting the unit 
and has a surface on which a large number of 
particles (e.g., synthetic diamond particles), each - 
having a Mohs hardness value of 5 or more, has a 
surface precision of severaJ tens um at most even 
if it is finished by abrasion after the particles are 
deposited on the surface. If the perforating unit 
incorporating the first roll having such a surface 
precision and the second roll is used, and the 
elongated film is caused to pass between the rolls, 
it is difficult to apply a uniform pressure to the 
elongated film, which is in contact with the rolls, 
along the direction of width of the film. Therefore, if 
an elongated film is perforated by the above-de- 
scribed unit, the following problems are posed. 

(1) Since some portions of an elongated film do 
not receive a sufficiently high pressure because 
of the displacement of the first roll, the cor- 
responding portions are not perforated. This 
makes it difficult to form uniform through pores 
and the like. 

(2) Owing to the displacement of the first roll, 
the first and second rolls are intermittently rotat- 
ed and hence cannot be smoothly rotated. As a 
result, wrinkles are left on the entire surface of 
the film. 

(3) If the thickness of the film varies, it may be 
cut while it passes between the rolls. As a 
result, it is difficult to continuously form through 
pores or blind pores in the elongated film. 

(4) If an elongated film made of a metal is used, 
biting is caused between the roils to stop rota- 
tion of the rolls. As a result, through pores or the 
like cannot be formed. 

Either the first roll or the second roll is mov- 
able. If the first roll is movable, the pressure control 
means are arranged near the two end portions of 
the first roll. If the second roll is movable, the 
pressure control means are arranged near the two 
end portions of the second roll. With this arrange- 
ment, even if the first roll incorporated in the unit 
and having particles fixed on its surface has a 
surface precision of several tens um is, a pressure 
acting on the elongated film passing between the 
rolls rotated in the opposite directions can be con- 


trolled. That is, the pressure acting on the elon- 
gated film passing between the rolls can be made 
uniform along the direction of the width of the film. 
In addition, a dynamic external force, such as vi- 
5 brations and shocks, acting between the rolls upon 
passage of the film is absorbed and reduced, and 
the rolls can be smoothly and continuously rotated. 
Therefore, the following effects can be obtained. 
0) Since a pressure applied from the rolls to an 
70 elongated film upon passage of the film between 
the first and second rollers which are rotated in 
the opposite directions can be made uniform 
along the direction of width of the film, through 
pores and blind pores can be uniformly formed 
75 in the film at a high density. In addition, since 
the perforating operation is performed by me- 
chanical force using the large number of par- 
ticles, each having acute corner portions and a 
Mohs hardness value of 5 or more, which are 
20 deposited on the surface of the first roll, a large 
number of uniform through pores and blind 
pores, each having a small size selected in the 
range of sub-am to several tens am. can be 
formed in the elongated film without almost any 
25 deterioration in essential properties of the film 
material. 

(2) Since the first and second rolls can be 
smoothly rotated, perforation can be performed 
without leaving wrinkles on the elongated film. In 

30 addition, since each roll can be rotated at high 
speed, the perforation process performance with 
respect to the film can be greatly improved. 

(3) Even if the thickness of the elongated film 
varies, it is not cut when it passes between the 

35 rolls, and through pores or blind pores can be 
continuously formed in the elongated film. 

(4) Even if a metal elongated film is used, since 
biting between the rolls can be prevented, the 
film can be continuously perforated. The metal 

40 porous film manufactured by such a perforation 
process has excellent vapor and air permeabil- 
ity, and the glossiness of the surface of the film 
is improved. 

The second roll can be made of a hard metal, 
45 such as stainless steel, and thus have a hard 
surface, thereby increasing the pressure applied on 
the film passing through the gap between the first 
roll and the second roll. Because of this increase in 
the pressure, through pores can be uniformly 
so formed in an elongated film made of a metal such 
as copper, or an elongated film made of a compos- 
ite material obtained by mixing an inorganic pow- 
der in a polymeric material. Uniform through pores 
can be made not only in th elongated film made 
55 of the above-mentioned material, but also in an 
elongated film made of a relatively soft material' 
such as polymeric one. To form the pores in the 
soft film, it suffices to change, by means of th 
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pressure control means, the pressure on the film to 
a value suitable for processing this film. In addition, 
the degree of perforation can be arbitrarily con- 
trolled. 

The second roll can be formed by coating a 
polymeric resin layer on a roll body, and thus have 
a soft surface, thereby reducing the pressure ap- 
plying on the film passing through the gap between 
the first and second rolls. Because of this reduction 
in the pressure, blind pores can be uniformly 
formed in the elongated film regardless of a film 
material. If the pressure control means is arranged 
in such a unit, the pressure between the first and 
second rolls can be increased by the pressure 
control means. Therefore, finer through pores can 
be formed in an elongated film made of a poly- 
meric material in comparison with the case wherein 
the second roll having the hard surface is used. 

By using the above-described manufacturing 
apparatus, a large number of uniform through 
pores, each having a small size arbitrarily selected 
in the range of sub-urn to several tens urn, are 
formed in an elongated film at a high density, 
thereby manufacturing a porous film having good 
vapor and air permeability. Especially, if this manu- 
facturing apparatus is applied to an elongated film 
made of a polymeric material, a porous film having 
vapor and air permeability, which is suitable for a 
sanitary material such as a disposable paper diaper 
as a typical example, a medical material, or a 
clothing material can be manufactured. In addition, 
if the apparatus is applied to an elongated film 
made of a metal, an electromagnetically shielding 
porous film having air permeability can be manu- 
factured. 

A large number of uniform blind pores, each 
having a small size selected in the range of sub- 
urn to several tens urn, can be uniformly formed in 
the elongated film at a high density by the above- 
described manufacturing apparatus, thereby pro- 
ducing a porous film having vapor permeability and 
excellent hydraulic resistance to water pressure. 

If two or more units, each identical to the 
perforating unit incorporating the pressure control 
means, are arranged in the traveling direction of 
the elongated film, a porous film can be made from 
a relatively thick film in which through pores or the 
like, each having a sufficient depth, cannot be 
formed by one perforating operation. Assume that 
two units are arranged, in this case, after an elon- 
gated film is caused to pass between the first and 
second roils of the unit of the first row to be 
perforated, the elongated film is caused to pass 
between the first and second rolls of the unit of the 
second row whil the opposite surface of the film 
to the perforated surface is in contact with the first 
roll (on which a large number of particles, each 
having a Mohs hardness value of 5 or more, are 


deposited) so as to perforate the upper and lower 
surfaces of the film. With this operation, a porous 
film can be manufactured from a relatively thick 
film. In addition, if the particle size of each of a 

5 large number of particles, each having a Mohs 
hardness value of 5 or more, deposited on the first 
roll of the unit of the first row is set to be different 
from that of particles deposited on the first roll of 
the unit of the second row, a large number of 

to through pores having different diameters can be 
uniformly formed in the elongated film. 

In addition, the manufacturing apparatus having 
the above-described arrangement is designed to 
form through pores or blind pores in an elongated 

75 film by using a perforating unit mainly based on 
friction. For this reason, a large amount of static 
electricity is generated on the surface of a film 
upon perforation, thus attracting surrounding dust. 
If a destaticizing means is arranged at the outlet of 

20 the unit to eliminate a large amount of static elec- 
tricity generated on the surface of the elongated 
film upon perforation, dust can be remove from the 
surface of the film. Especially, since the destaticiz- 
ing means is constituted by a vessel for storing 

25 pure water, and an ultrasonic wave generating 
member for applying ultrasonic waves to the pure 
water, dust can be very easily washed out. 

Furthermore, according to the present inven- 
tion, there is provided a porous film manufacturing 

30 apparatus characterized in that an arc radiation 
means for radiating an arc on a film conveyed from 
the perforating unit described above is arranged at 
the outlet of unit. 

The arc radiation means comprises a rotatable 

35 dielectric roll arranged to be separated from the 
film conveyed from the unit and having a surface 
on which a large number of fine projections are 
formed, and an electrode, arranged to oppose the 
dielectric roll, for inducing high-voltage discharge 

40 between the electrode and the dielectric roll to 
radiate an arc in the direction of width of the film. 

As the dielectric roll, for example, a roil ob- 
tained by coating a dielectric layer on the surface 
of a metal roll is used. The dielectric material 

45 includes, e.g., various types of polymeric resins 
such as silicone rubber, or inorganic materials such 
as silicon (Si0 2 ) and silicon nitride. 

The large number of fine projections on the 
surface of the dielectric roll are formed by coating 

so a dielectric cloth having a stitch spacing on the 
micron order on the surface of the roll. The dielec- 
tric cloth makes of polyester, nylon, or the like. 

The gap betwe n the dielectric roll and the film 
is preferably set within the rang of 1 to 5 mm. 

55 This is because if the gap falls outside the range, 
and a high voltage is applied between th dielectric 
roll and the electrode, it is difficult to radiat an arc 
having a sufficient power onto blind pores formed 
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in the film. 

Two or more units, each identical to the per- 
forating unit incorporating the pressure control 
means, may be arranged in the traveling direction 
of the elongated film in the same form as that of 
the manufacturing apparatus described above. 

A destaticizing means may be arranged at the 
outlet of the arc radiation means in the same form 
as that of the manufacturing apparatus described 
above. 

According to the porous film manufacturing ap- 
paratus having such an arrangement, since the arc 
radiation means is arranged at the outlet of the 
p rforating unit, through pores can be more uni- 
formly formed in an elongated film made of a 
polymeric material or a composite material at a - 
higher density. 

More specifically, when a large number of 
through pores are to be formed in the elongated 
film by a perforating operation using the above- 
described unit, blind pores may be formed in the 
film. By radiating an arc on the film after such an 
perforating operation by using the arc radiation 
means, the blind pores are perforated by the arc, 
and hence all the pores in the film can be formed 
into through pores. 

Blind pores can be formed in the elongated 
film made of the above-mentioned material by us- 
ing the unit, thus mechanical damage to film por- 
tions around the blind pores can be suppressed as 
compared with a case wherein through pores are 
formed. Since an arc is radiated from the arc 
radiation means onto the film after such a perforat- 
ing operation, the large number of blind pores are 
perforated by the arc. As a result, a large number 
of through pores can be more uniformly formed in 
the film at a higher density without causing a 
decease in strength of the film portions around the 
through pores. 

Especially, if the arc radiation means com- 
prises a rotatable dielectric roll arranged to be 
separated from the film conveyed from the unit and 
having a surface on which a large number of fine 
projections (e.g., a dielectric cloth coated on the 
surface and having a stitch spacing on the micron 
order) are formed, and an electrode, arranged to 
oppose the dielectric roll, for inducing high-voltage 
discharge between the electrode and the dielectric 
roll to radiate an arc in the direction of width of the 
film, an arc can uniformly radiated on blind pores 
of the film which correspond to the projections 
(stitches of the cloth). Assume that a dielectric roll 
having a surface on which a dielectric cloth having 
a stitch spacing on the micron order serving as fine 
projections is not coated is used. In this cas , 
when perforation of th blind pores is performed by 
the arc, the arc is concentrically radiated in some 
pores. As a result, through pores having larger 


diameters than the blind pores may be formed or 
the diameters of the through pores may vary. In 
addition, blind pores may be left. If, however, a 
dielectric roll having a surface on which a dielectric 
5 cloth having a stitch spacing on the micron order 
serving as fine projections is coated is used, the 
blind pores of the film can be uniformly perforated, 
thus forming through pores on the micron order. 
The manufacturing apparatus additionally in- 

jo eluding the arc radiation means forms blind pores 
in an elongated film by using a perforating unit 
based on friction. In addition, static electricity is 
added by corona discharge when arc radiation is 
performed. For this reason, a large amount of static 

75 electricity is generated on the surface of the film 
upon arc radiation, thus attracting surrounding dust. 
By arranging a destaticizing means at the outlet of 
the arc radiation means, a large amount of static 
electricity generated on the surface of the elon- 

20 gated film upon the above-described perforation 
can be eliminated, thus removing dust attached to 
the surface of the film. Especially, by using the 
destaticizing means constituted by a vessel for 
storing pure water and an ultrasonic wave generat- 

25 ing means for applying ultrasonic waves to the 
pure water, dust can be easily washed out. 

Furthermore, according to the present inven- 
tion, there is provided a porous film manufacturing 
apparatus comprising: 

30 feed means for feeding an elongated film; 

a perforating unit including a first rotatable roll 
having a surface on which a large number of par- 
ticles, each having acute corner portions and a 
Mohs hardness value of not less than 5, are depos- 

35 ited, a second roll which has a surface consisting 
of a hard material and is rotatable in a direction 
reverse to a rotating direction of the first roll, and a 
third roil which has a surface consisting of a soft 
material and is rotatable in a direction reverse to 

40 the rotating direction of the first roll, the first to 
third rolls being arranged to oppose each other 
with the first roll being a middle roll of the first to 
third rolls and to cause the elongated film to pass 
between the first and second rolls and between the 

45 first and third rolls, the first roll being stationary 
and the second and third rolls being movable in a 
direction to oppose the first roll; 

first pressure control means, arranged near two 
end portions of the second roll of the unit, for 

50 controlling pressures applied from the first and 
second rolls to the film; and 

second pressure control means, arranged near 
two end portions of the third roll of the unit, for 
controlling pressures applied from the first and 

55 third rolls to the film. 

Similar to the manufacturing apparatus de- 
scribed above, the first roll has a structure in which 
a large number of particles, each having acute 
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corner portions and. a Mohs hardness value of 5 or 
more, are electrodeposited on the surface of a 
metal roll body or are bonded thereto with an 
organic or inorganic binder. 

As the second roll, an iron roll, an iron-based 
alloy roll, an iron roll having an Ni- or Cr-plated 
surface, or the like may be used. 

As the third roll, a roll formed by coating a 
polymeric resin layer on an iron roll body, a roll 
made of brass, aluminum, or copper, or the like 
may be used. Although various types of resins may 
be used as the polymeric resin, an urethane resin, 
silicone rubber, or the like which has a good cush- 
ioning effect with respect to the elongated film is 
especially preferable. 

The perforating unit is preferably constituted by 
the first to third rolls, shafts extending through the 
centers of the rolls, and boxes, incorporating bear- 
ings for axially supporting both end portions of 
shafts. 

The first to third rolls constituting the perforat- 
ing unit may be horizontally or vertically arranged. 
In order to facilitate assembly of the apparatus and 
to improve its operability. however, these rolls are 
preferably arranged such that the second and third 
rolls oppose each other with respect to the first roll 
as the center. 

The perforating unit may be operated in such a 
manner that pressure control between the first and 
third rolls is released by a second pressure control 
means arranged at the third roll constituting the 
unit, and an elongated film is pressed and perfo- 
rated between only the fist and second rolls con- 
stituting the unit. Alternatively, pressure control be- 
tween the first and second rolls is released by a 
first pressure control means arranged at the sec- 
ond roll constituting the unit, and an elongated film 
is .pressed and perforated between only the first 
and third rolls constituting the unit. It is apparent 
that an elongated film can be pressed and perfo- 
rated between the first and second rolls and be- 
tween the first and third rolls constituting the unit. 

The first pressure control means preferably in- 
clude springs for biasing the boxes arranged near 
the two end portions of the second roll of the unit 
toward the first roll. 

The second pressure control means preferably 
include springs for biasing the boxes arranged near 
the two end portions of the third roll of the unit 
toward the first roll. 

Two or three or more units, each identical to 
the perforating unit including the first and second 
pressure control means, may be arranged in the 
traveling direction of the elongated film. If, for ex- 
ample, two units are arranged, a large number of 
particles, each having a Mohs hardness value of 5 
or more, which are deposited on the first rolls of 
the units of the first and second rows may have 
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different particle diameters. In this case, after an 
elongated film is caused to pass between the first 
and second rolls of the unit of the first row to be 
perforated, the elongated film is caused to pass 
5 between the first and second rolls of the unit of the 
second row while the opposite surface of the film 
to the perforated surface is in contact with the first 
roll (on which a large number of particles, each 
having a Mohs hardness value of 5 or more, are 

io deposited) so as to perforate the upper and lower 
surfaces of the film. 

A destaticizing means having the same ar- 
rangement as described above may be arranged at 
the outlet of the perforating unit 

75 According to the porous film manufacturing ap- 

paratus having such an arrangement, a large num- 
ber of uniform through pores and blind pores, each 
having a small size of sub-nm to several tens urn, 
can be uniformly and continuously formed in elon- 

20 gated films made of various types of materials 
such as polymeric materials and metals by using 
one perforating unit constituting the first to third 
rolls without almost any deterioration in essential 
characteristics of film materials. 

25 More specifically, if pressure control between 

the first and third rolls by the second pressure 
control means arranged at the third roll constituting 
the perforating unit is released, and an elongated 
film is pressed between the first and second rolls 

30 constituting the unit, since the second roll has the 
hard surface, uniform through pores can be formed 
in the elongated film made of a metal such as 
copper, a polymeric material, or a compound ma- 
terial obtained by mixing a polymeric material with 

35 an inorganic powder. In addition, since a pressure 
acting between the first and second rolls can be 
controlled by the first pressure control means ar- 
ranged at the second roll, through pores can be 
uniformly formed in an elongated film consisting of 

40 a polymeric material, and the degree of perforation 
can also be arbitrarily controlled. 

Furthermore, if pressure control between the 
first and second rolls by the first pressure control 
means arranged at the second roll constituting the 

45 unit is released, and an elongated film is pressed 
between only the first and third rolls constituting 
the unit, since the third roll has the soft surface and 
has a cushioning effect with respect to the film, a 
large number of blind pores can be formed in the 

so film. 

It is apparent that the elongated film is pressed 
between the first and second rolls and between the 
first and third rolls constituting the unit, through 
pores and blind por s can be simultaneously 
55 formed in the film. 

If two or more units, each identical to the 
perforating units including the first and second 
pressure control means, are arranged in the travel- 
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ing direction of the elongated film, a porous film 
can be manufactured from a relatively thick film in 
which through pores and the like, each having a 
sufficient depth, cannot be formed by one operat- 
ing operation. In a case wherein two units are 
arranged, after an elongated film is caused to pass 
between rolls of the unit of the first row (e.g., the 
first and second rolls) to be perforated, the elon- 
gated film is caused to pass between rolls of the 
unit of the second row (e.g., the first and second 
rolls) while the film surface opposite to the perfo- 
rated surface is in contact with the first roll (on 
which a large number of particles, each having a 
Mohs hardness value of 5 or more, are deposited) 
so as to perforate the upper and lower surfaces of 
the film, thus manufacturing a porous film from a 
relatively thick film. In addition, a large number of 
particles, each having a Mohs hardness value of 5 
or more, which are deposited on the first rolls of 
the units of the first and second rows may be set 
to be different from each other so that a large 
number of through pores or the like having different 
diameters can be uniformly formed in the. elon- 
gated film. 

Furthermore, by arranging a destaticizing 
means at the outlet of the perforating unit a large 
amount of static electricity generated on the sur- 
face of the elongated film upon the above-de- 
scribed perforation can be eliminated, thus easily 
removing dust attached to the surface of the film. 
Especially, by using the destaticizing means con- 
stituted by a vessel for storing pure water and an 
ultrasonic wave generating means for applying ul- 
trasonic waves to the pure water, dust can be 
easily washed out. 

Moreover, according to the present invention, 
there is provided a porous film manufacturing ap- 
paratus characterized in that an arc radiation 
means for radiating an arc on a film conveyed from 
the perforating unit described above is arranged at 
the outlet of a unit constituted by the first and third 
rolls of the manufacturing apparatus described 
above. 

The arc radiation means comprises a rotatable 
dielectric roll arranged to be separated from the 
film conveyed from the unit and having a surface 
on which a large number of fine projections are 
formed, and an electrode, arranged to oppose the 
dielectric roll, for inducing high-voltage discharge 
between the electrode and the dielectric roll to 
radiate an arc in the direction of width of the film. 

A destaticizing means having the same ar- 
rangement as that described above may be ar- 
ranged outlet the arc radiation means. 

According to the porous film manufacturing ap- 
paratus having such an arrangement, since the arc 
radiation means is arranged at the outlet of the 
perforating unit constituted by the first to third rolls, 


through pores can be more uniformly formed in an 
elongated film consisting of a polymeric material or 
a compound material at a higher density. 

Furthermore, by arranging a destaticizing 

5 means at the outlet of the arc radiation means, a 
large amount of static electricity generated on the 
surface of the elongated film upon the above-de- 
scribed perforation can be eliminated, thus easily 
removing dust attached to the surface of the film. 

10 Especially, by using the destaticizing means con- 
stituted by a vessel for storing pure water and an 
ultrasonic wave generating means for applying ul- 
trasonic waves to the pure water, dust can be 
easily washed out. 

75 This invention can be more fully understood 

from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a front view showing a porous film 
20 manufacturing apparatus according to the first 
embodiment of the present invention; 
Fig. 2 is a side view showing a main part of the 
manufacturing apparatus in Fig. 1 ; 
Fig. 3 is a sectional view taken along a line III - 
25 III in Fig. 2; 

Fig. 4 is a front view showing a porous film 
manufacturing apparatus according to the sec- 
ond embodiment of the present invention; 
Fig. 5 is a sectional view showing a main part of 
30 an arc radiation means incorporated in the ap- 
paratus shown in Fig. 4; 

Fig. 6 is a front view showing a porous film 
manufacturing apparatus according to the third 
embodiment of the present invention; 
35 Fig. 7 is a side view showing a main part of the 
manufacturing apparatus in Fig. 6; 
Fig. 8 is a sectional view taken along a line VIII - 
VIII in Fig. 7; 

Fig. 9 is a front view for explaining an operation 
40 of the porous film manufacturing apparatus of 
the third embodiment; 

Fig. 10 is a front view for explaining another 
operation of the porous film manufacturing ap- 
paratus of the third embodiment; 

45 Fig. 11 is a front view showing a porous film 
manufacturing apparatus according to the fourth 
embodiment of the present invention; 
Fig. 12 is a sectional view showing a main part 
of an arc radiation means incorporated in the 

so apparatus shown in Fig. 11; and 

Fig. 13 is a front view showing a porous film 
manufacturing apparatus according to the fifth 
embodiment of the present invention. 
Preferred embodiments of the present inven- 

55 tion will be described in detail below with reference 
to the accompanying drawings. 

First Embodiment 
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ing direction of the elongated film, a porous film 
can be manufactured from a relatively thick film in 
which through pores and the like, each having a 
sufficient depth, cannot be formed by one operat- 
ing operation. In a case wherein two units are 5 
arranged, after an elongated film is caused to pass 
between rolls of the unit of the first row (e.g., the 
first and second rolls) to be perforated, the elon- 
gated film is caused to pass between rolls of the 
unit of the second row (e.g., the first and second w 
rolls) while the film surface opposite to the perfo- 
rated surface is in contact with the first roll (on 
which a large number of particles, each having a 
Mohs hardness value of 5 or more, are deposited) 
so as to perforate the upper and lower surfaces of is 
the film, thus manufacturing a porous film from a 
relatively thick film. In addition, a large number of 
particles, each having a Mohs hardness value of 5 
or more, which are deposited on the first rolls of 
the units of the first and second rows may be set 20 
to be different from each other so that a large 
number of through pores or the like having different 
diameters can be uniformly formed in the elon- 
gated film. 

Furthermore, by arranging a destaticizing 25 
means at the outlet of the perforating unit, a large 
amount of static electricity generated on the sur- 
face of the elongated film upon the above-de- 
scribed perforation can be eliminated, thus easily 
removing dust attached to the surface of the film. 30 
Especially, by using the destaticizing means con- 
stituted by a vessel for storing pure water and an 
ultrasonic wave generating means for applying ul- 
trasonic waves to the pure water, dust can be 
easily washed out. 35 

Moreover, according to the present invention, 
there is provided a porous film manufacturing ap- 
paratus characterized in that an arc radiation 
means for radiating an arc on a film conveyed from 
the perforating unit described above is arranged at 40 
the outlet of a unit constituted by the first and third 
rolls of the manufacturing apparatus described 
above. 

The arc radiation means comprises a rotatable 
dielectric roll arranged to be separated from the 45 
film conveyed from the unit and having a surface 
on which a large number of fine projections are 
formed, and an electrode, arranged to oppose the 
dielectric roll, for inducing high-voltage discharge 
between the electrode and the dielectric roll to so 
radiate an arc in the direction of width of the film. 

A destaticizing means having the same ar- 
rangement as that described above may be ar- 
ranged outlet the arc radiation means. 

According to the porous film manufacturing ap- 55 
paratus having such an arrangement, since the arc 
radiation means is arranged at the outlet of the 
perforating unit constituted by the first to third rolls, 


through pores can be more uniformly formed in an 
elongated film consisting of a polymeric material or 
a compound material at a higher density. 

Furthermore, by arranging a destaticizing 
means at the outlet of the arc radiation means, a 
large amount of static electricity generated on the 
surface of the elongated film upon the above-de- 
scribed perforation can be eliminated, thus easily 
removing dust attached to the surface of the film. 
Especially, by using the destaticizing means con- 
stituted by a vessel for storing pure water and an 
ultrasonic wave generating means for applying ul- 
trasonic waves to the pure water, dust can be 
easily washed out. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a front view showing a porous film 

manufacturing apparatus according to the first 

embodiment of the present invention; 

Fig. 2 is a side view showing a main part of the 

manufacturing apparatus in Fig. 1 ; 

Fig. 3 is a sectional view taken along a line III - 

III in Fig. 2; 

Fig. 4 is a front view showing a porous film 
manufacturing apparatus according to the sec- 
ond embodiment of the present invention; 
Fig. 5 is a sectional view showing a main" part of 
an arc radiation means incorporated in the ap- 
paratus shown in Hg. 4; 

Fig. 6 is a front view showing a porous film 

manufacturing apparatus according to the third 

embodiment of the present invention; 

Fig. 7 is a side view showing a main part of the 

manufacturing apparatus in Fig. 6; 

Fig. 8 is a sectional view taken along a line VIII - 

Vlll in Fig. 7; 

Fig. 9 is a front view for explaining an operation 
of the porous film manufacturing apparatus of 
the third embodiment; 

Fig. 10 is a front view for explaining another 
operation of the porous film manufacturing ap- 
paratus of the third embodiment; 
Fig. 11 is a front view showing a porous film 
manufacturing apparatus according to the fourth 
embodiment of the present invention; 
Fig. 12 is a sectional view showing a main part 
of an arc radiation means incorporated in the 
apparatus shown in Fig. 1 1 ; and 
Fig. 13 is a front view showing a porous film 
manufacturing apparatus according to the fifth 
embodiment of the present invention. 
Preferred embodiments of the present inven- 
tion will be described in detail below with reference 
to the accompanying drawings. 

First Embodiment 
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Fig. 1 is a front view showing a porous film 
manufacturing apparatus according to the first em- 
bodiment of the present invention. Fig. 2 is a side 
view showing a main part of the manufacturing 
apparatus in Fig. 1. Fig. 3 is a sectional view taken 
along a line III - III in Fig. 2. Referring to Fig. 1, 
reference numeral 1 denotes a bed. A table 2 is 
arranged on the upper surface of the bed 1 except 
for a portion near its right end. Two hook-shaped 
frames 3 are arranged on the table 2 to be spaced 
apart by a predetermined distance in the direction 
of width of the table 2. Each frame 3 is constituted 
by a lower plate 3a, a side plate 3b, and an upper 
plate 3c. A first box 5 incorporating a bearing is 
fixed to each corner portion, of the frame 3, at 
which the lower and side plates 3a and 3b join. A 
first roll 6 is arranged between the frames 3. As 
shown in Fig. 2, the first roll 6 consists of an iron 
roll body 8 and a shaft 9. The roll body 8 is 
designed such that a large number of particles 
(e.g.. synthetic diamond particles) 7, each having a 
particle size of 70 to 85 urn, acute corner portions, 
and a Mohs hardness value of 5 or more, are 
electro-deposited on the surface of the main body 
at an area ratio of 70% or more. The shaft 9 
extends through the center of the main body 8 to 
protrude from the two end faces of the main body 
8. The two end portions of the shaft 9 are axially 
supported by the bearings 4 in the boxes 5, re- 
spectively. A portion of the shaft 9 on one end side 
(e.g., the left end side) of the first roll 6 extends 
through the box 5, while the protruding portion of 
the shaft 9 is fitted in a gear 10 which is meshed 
with a gear of the driving shaft of a motor (not 
shown). With this arrangement, when the motor is 
driven, the first roll 6 is rotated, e.g., clockwise. In 
addition, a gear 1 1 which is meshed with a gear of 
a second roll (to be described later) is fitted on the 
protruding portion of the shaft 9 which is located 
between the gear 10 and the left side surface of 
the box 5. 

Rails 12 are respectively formed on the side . 
plates 3b of the frames 3 located above the boxes 
5. As shown in Fig. 3, sliders 13 (only one slider is 
shown) are respectively arranged on the rails 12 to 
be vertically movable. Second boxes 15. each in- 
corporating a shaft 14, are respectively fixed to the 
sliders 13 so as to be vertically moved along the 
rails 12. A second roll 16 is- arranged between the 
frames 3 to oppose the first roll 6. The second roll 
16 is constituted by a roll body 17 made of. e.g., 
stainless steel, and a shaft 18 extending through 
the main body 17 to protrude from the two end 
faces of the main body 17. The two protruding end 
portions of the shaft 18 are axially supported by 
th bearings 14 in th boxes 15, r spectively. A 
portion of the shaft 18 on one end sid (e.g., the 
left end side) of the second roll 16 extends through 


the second box 15, while the protruding portion of 
the shaft 18 is fitted in a gear 19 which is meshed 
with the gear 1 1 of the shaft 9 of the first roll 6. 
With this arrangement, the second roll 16 can be 
5 freely moved vertically along the rails 12 through 
the second box 15 and the sliders 13. In addition, 
when the shaft 18 of the first roll 6 is rotated 
clockwise by the motor, the shaft 18 having the 
gear 19 meshed with the gear 11 of the shaft 18 is 

to rotated counterclockwise. As a result, the second 
roll 15 is rotated counterclockwise. 

A perforating unit 20 comprises the two frames 
3, the two shafts 4, the two first boxes 5, the first 
roll 6, the two rails 12, the two sliders 13, the two 

rs bearings 14, the two second boxes 15, and the 
second roll 1 6. 

Cylindrical members 32, each having upper 
and lower flanges 21 and 22, are respectively ar- 
ranged on the upper walls of the two second boxes 

20 15. Each cylindrical member 23 is fastened to a 
corresponding one of the boxes 15 with a plurality 
of screws 24 threadably engaged with the upper 
wall of the box 15 through the lower flange 22. A 
disk 26 having a pore in its center is mounted on 

25 the upper flange 21 of each cylindrical member 23. 
Each disk 26 is fixed to a corresponding one of the 
upper flanges 21 with a plurality of screws 27 
threadably engaged with the upper flange 21 
through the disk 26. A coil spring 28 is housed in 

30 each cylindrical member 23 to vertically applying 
an elastic force. The lower end of each coil spring 
28 is in contact with the upper wall of a cor- 
responding one of the second boxed 15. A rod 30 
having a pressure sensor 29 attached to its lower 

35 end is inserted into each cylindrical member 23 
through the hole 25 in the disk 26. The pressure 
sensors 29 are respectively brought into contact 
with the upper ends of the coil springs 28 to detect 
pressures acting on the coil springs 28 upon down- 

40 ward movement of the rods 30. A disk-like guide 
31 is attached to a portion of each rod 30 above a 
corresponding one of the sensors 29 so as to allow 
smooth vertical movement of the rod 30. A ball 
screw 32 is inserted in the upper end portion of 

45 each rod 30. Each ball screw 32 extends through 
the upper plate 3c of the frame 3 to protrude 
upward therefrom. Casings (only one casing is 
shown) 33, each incorporating a threaded engaging 
plate (not shown), are respectively arranged on the 

so upper surfaces of the upper plates 3c. The protrud- 
ing upper end portions of the ball screws 32 are 
threadably engaged with the engaging plates in the 
casings 33, respectively. A worm shaft (not shown) 
engaged with the protruding upper end portion of 

55 the ball screw 32 is horizontally inserted in each 
casing 33, while a handle (the other handle is not 
shown) is arranged on on end of each worm shaft. 
With this arrangement, when the handle 34 is rotat- 
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ed, the ball screw 32 engaged with the worm shaft 
of the handle 34 is rotated to lower (or raise) the 
rod 30 in which the ball screw 32 is inserted. In this 
case, when the rod 30 is moved upward by a 
predetermined distance or more, the disk-like guide 
31 attached to the rod 30 is brought into contact 
with the inner surface of the disk 26 on the upper 
portion of the cylindrical member 23, thus raising 
the cylindrical member 23 itself. As a result, the 
second boxes 15 fixed to the lower ends of the 
cylindrical members 23 are respectively moved 
upward along the rails 12 through the sliders 13. 

A pressure control means 35 for controlling 
pressing a pressure on a film passing between the 
first and second rolls 6 and 16 is constituted by the 
two cylindrical member 23, the two disks 26, the 
two coil springs 28, the two pressure sensors 29, 
the two rods 30, the two disk-like guides 31, the 
two ball screws 32. the two casing 33, the two 
worm shafts (not shown), and the two handles 34. 

A winding roll (not shown) as an elongated film 
feed means is arranged in front of the perforating 
unit 20. An elongated film 36 is fed from the 
winding roll to a position between the first and 
second rolls 6 and 16 of the unit 20 through two 
feed rolls 37. A destaticizing means 38 is arranged 
at the outlet of the unit 20. The destaticizing means 
39 is constituted by a vessel 39, arranged on the 
bed 1, in which pure water is stored, and an 
ultrasonic wave generating member (not shown) for 
applying ultrasonic waves on the pure water. Five 
feed rolls 37 for conveying the elongated film 36 
passing between the first and second rolls 6 and 
16 are arranged between the unit 20 and the de- 
staticizing means 38, in the vessel 39, and at the 
outlet of the vessel 39, respectively. Note that 
abutment rolls 37 are respectively arranged in con- 
tact with the two feed rolls 37 located at the inlet 
and outlet of the vessel 39. A plurality of hot air 
blasting member (not shown) and a take-up roll 
(not shown) are sequentially arranged at the outlet 
of the destaticizing means 38. The hot air blasting 
members serve to dry the film 36 passing between 
the feed roll 27 and the abutment roll 40. 

An operation of the porous film manufacturing 
apparatus having the above-described arrangement 
will be described below. 

When the two handles 34 of the pressure con- 
trol means 35 are rotated, e.g., clockwise, the ball 
screws 32 respectively engaged with the worm 
shafts of the handles 34 are rotated to raise the 
rods 30 coupled to the ball screws 32. When the 
rods 32 are raised, the disk-like guides 31 attached 
to the rods 30 are respectively brought into contact 
with the inner surfaces of the disks 26 on the upper 
portions of the cylindrical members 23. As a result, 
each cylindrical member 23 itself is moved upward. 
When the cylindrical members 23 are moved up- 


ward, the second boxes 15. of the perforating unit 
20, which are fixed to the lower ends of the cylin- 
drical member 23, are raised along the rails 12 
attached to the frames 3 through the sliders 13, 

5 respectively. The second roll 16 axially supported 
by the bearings 14 in the second boxes 15 is 
separated from the first roll 6 located therebelow 
by a predetermined distance. In this state, the 
elongated film 36 made of, e.g., polyethylene is fed 

10 from the winding roll (not shown) and is conveyed 
between the first and second rolls 6 and 16 of the 
unit 20 by the two feed rolls 37. Thereafter, the film 
36 is conveyed by the five rolls 37 to pass through 
the vessel 39 of the destaticizing means 38. The 

75 film 36 is further conveyed to pass through the 
plurality of hot air blasting member (not shown), 
and the leading end of the film 36 is wound around 
the take-up roll (not shown). 

After the leading end of the elongated film 36 

20 is taken up by the take-up roll, the two handles 34 
of the pressure control means 35 are rotated coun- 
terclockwise. The ball screws 32 engaged with the 
worm shafts of the handles 34 are then rotated, 
and the rods 30 coupled to the bail screws 32 are 

25 moved downward. When the rods 30 are lowered, 
the pressure sensors 29 respectively located in the 
cylindrical members 23 on the lower ends of the 
rods 30 press the coil springs 28, located there- 
below, downward. When the coil springs 28 are 

30 pressed downward, the upper walls of the second 
boxes 15 with which the lower ends of the coil 
spring 28 are brought into contact are pressed 
downward. As a result, the second boxes 15 are 
lowered along the rails 12 of the frames 3 through 

35 the sliders 13, and the second roll 16 axially sup- 
ported by the bearings 14 in the second boxes 15 
is brought into contact with the first roll 6 located 
therebelow. When the handles 34 are further rotat- 
ed in the same direction to lower the rods 30, the 

40 sensors 29 on the lower ends of the rods 30 
respectively compress the coil springs 28 located 
therebelow. Upon compression of the coil springs 
28, pressures are applied to the upper wails of the 
second boxes 15, and the pressure between the 

45 second rolls 16, which are axially supported by the 
bearings 14 in the second boxes 15, and the first 
roll 6. In this case, a pressure acting on the elon- 
gated film 36 located between the first and second 
rolls 6 and 16 is controlled by detecting the pres- 

50 sures (compressing forces) between the first and 
second rolls 6 and 1 6 by means of the sensors 29, 
and controlling the rotation of the handles 34 
clockwise/counterclockwise. When pressure control 
for the unit 20 is performed by the pressure control 

55 means 35 in this manner, a uniform pressure is 
applied to the elongated film 36, located between 
the first and second rolls 6 and 16, along the 
direction of the width of the film 36, thereby com- 


19 EP 0 502 


pleting the preparation of a perforating operation. 

Upon completion of the perforating operation, 
ultrasonic waves are applied from the ultrasonic 
wave generating member to the pure water stored 
in the vessel 40 of the destaticizing means 39. 5 
Subsequently, the take-up roll is rotated, and at the 
same time, the driving shaft of the motor is rotated. 
Upon transmission of the rotating force from the 
gear of the driving shaft to the gear 10 of the shaft 
18 of the first roll 6, the first roll 6 is rotated io 
clockwise. When the first roll 6 is rotated, the 
second roll 16 is rotated counterclockwise upon 
transmission of the rotating force from the gear 1 1 
of the shaft 18 to the gear 19 of the shaft 18. When 
the first and second rolls 6 and 16 are rotated in i t s 
this manner, the elongated film 36 passing between., 
the rolls 6 and 16 is perforated. 

As shown in Fig. 2, the first roll 6 has the iron 
roll body 8 which is designed such that the large 
number of synthetic diamond particles 7, each hav- 20 
ing acute corner portions, are electro-deposited on 
th surface of the main body at an area ratio of 
70% or more. In addition, the second roll 16 has 
the roll body 17 made of stainless steel, and thus 
have a hard surface. With these structures, when 25 
the elongated film 36 passes between the first and 
second rolls 6 and 16, the film 36 is perforated by 
the acute corner portions of the large number of 
synthetic diamond particles 7 on the surface of the 
first roll 6. As a result, a large number of through 30 
pores, each having a size of sub-um to several 
tens urn, are uniformly formed in the elongated 
film 36. In addition, since pressure control for the 
unit 20 is performed by the pressure control means 
35, even if the first roll 6 having a surface precision 35 
of several tens um is incorporated in the perforat- 
ing unit 20, a uniform pressure is applied to the 
elongated film 36, located between the first and 
second rolls 6 and 16, in the direction of entire 
width. Therefore, external forces, such as vibrations 40 
and shocks, acting between the first and second 
rolls 6 and 16 upon passage of the elongated film 
36 are absorbed and reduced, and the first and 
second rolls 6 and 16 are smoothly and continu- 
ously rotated. As a result, the large number of 45 
through pores are uniformly formed in the elon- 
gated film 36 at a high density. More specifically, if 
the first roll 6 has the iron roll body 8 which is 
designed such that diamond particles having an 
average particle diameter of 40 um are electro- 50 
deposited on the surface of the main body at an 
area ratio of 70%, and the elongated film 36 is 
perforated by the first roll 6 at a perforation effi- 
ciency of 50%, 26,000 through pores can be 
formed in th elongated polyethylene film 36 per 55 
cm 2 . 

The elongated film 36 perforated by the unit 20 
is conveyed by the five feed rolls 37 and the two 
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abutment rolls 40 to pass through the vessel 39 of 
the destaticizing means 38. Since a perforating 
operation of the unit 20 with respect to the elon- 
gated film 36 is mainly based on the friction be- 
tween the first and second rolls 6 and 16, a large 
amount of static electricity is generated on the 
surface of the film 36 upon perforation, thus attract- 
ing surrounding dust. After the perforating opera- 
tion, the elongated film 36 is conveyed to pass 
through the vessel 39, of the destaticizing means 
38, in which the pure water is stored, and ultrasonic 
waves are applied to the pure water by the ultra- 
sonic wave generating member (not shown). With 
this operation, the dust attached to the elongated 
film 36 is easily washed out. The elongated film 36 
having the large number of through pores from 
which the dust is washed out passes through the 
plurality of hot air blasting members so that water 
on the surface is evaporated and removed. The 
film 36 is then taken up by the take-up roller. 

The above-described porous film manufactur- 
ing apparatus of the first embodiment, therefore, 
has the following advantages. 

(1) Since pressure control for the perforating unit 
20 is performed by the pressure control means 

35, even if the first roll 6 having a surface 
• precision of several tens um is incorporated in 

the perforating unit 20, a uniform pressure can 
be applied to the elongated film 36, which 
passes between the first and second rolls 6 and 
16, throughout in the direction of the width. 
Therefore, a large number of through pores can 
be uniformly formed in the elongated film 36 at 
a high density. In addition, since the perforating 
operation is performed by a mechanical force 
using the large number of synthetic diamond 
particles 7 deposited on the surface of the first 
roll 6 and having the acute corner portions, a 
large number of uniform through pores, each 
having a size arbitrarily selected in the range of 
sub-um to several tens um, can be formed in 
the elongated film 36 made of, e.g.. polyethyl- 
ene without almost any deterioration in essential 
characteristics (e.g., strength, softness and 
transparency) of the film material. 

(2) Since the first and second rolls 6 and 16 are 
smoothly rotated, perforation can be performed 
without leaving wrinkles on the elongated film 

36. In addition, since the first and second rolls 6 
and 16 can be rotated at high speed, the per- 
foration performance with respect to the elon- 
gated film 36 can be greatly improved. 

(3) Even if the thickness of the elongated film 36 
varies, through pores can be continuously 
formed in the film 36 without cutting the film in 
th process of conveying the film 36 between 
th first and second rolls 6 and 16. 

(4) Even if the elongated film 36 is made of a 
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metal, since biting or catching of the film 36 
between the first and second rolls 6 and 16 can 
be prevented, the film 36 can be continuously 
perforated. 

Furthermore, since the elongated film 36 is 
conveyed to pass through the destaticizing means 
38 after a perforating operation, a dust-free, easy- 
to-handle porous film can be taken up by the take- 
up roll. 

In the manufacturing apparatus of the first em- 
bodiment, the roll body 17 of the second roll 16 is 
made of stainless steel. However, the present in- 
vention is not limited to this. For example, the 
second roll may be formed by coating a "polymer 
resin layer, e.g., an urethane resin on a roll body, 
and thus have a soft surface. If a perforating unit - 
incorporating the second roll having such a struc- 
ture is used, since a pressure acting on an elon- 
gated film passing between the first and second 
rolls can be reduced, blind pores can be uniformly 
formed in the film regardless of a material for the 
film. Furthermore, since the unit includes the pres- 
sure control means, the pressure between the first 
and second rolls can be increased by the pressure 
control means. Therefore, in comparison with a 
case wherein the second roll is made of stainless 
steel, finer through pores can be formed in an 
elongated film, especially an elongated film made 
of a polymeric material. 

In addition, in the manufacturing apparatus of 
the first embodiment, two rows of units, each iden- 
tical to the perforating unit 20, may be arranged in 
the conveying direction of the elongated film 36. In 
the manufacturing apparatus having such an ar- 
rangement, after an elongated film is conveyed 
between the first and second rolls of the unit of the 
first row to be perforated, the elongated film is 
conveyed between the first and second rolls of the 
unit of the second row such that the film surface - 
opposite to the perforated surface is brought into 
contact with the first roll (having a large number of 
synthetic diamond particles electro-deposited 
thereon), thereby perforating the upper and lower 
surfaces of the film. With this process, a porous 
film can be manufactured by using a relatively 
thick film. If the particle size of each of a large 
number of synthetic diamond particles elec- 
trodeposited on the first roll of the perforating units 
of the first row is set to be different from that on 
the first roll of the perforating unit of the second 
row, a large number of through pores and blind 
pores having different diameters can be uniformly 
formed in the elongated film at a high density. 

Moreover, if the pressure control means 35 
includes the handles 34 for vertically moving the 
cylindrical members 23 fixed on the upper walls of 
the second boxes 15, the means 35 can have a 
function of vertically moving the second roll 16 


itself in addition to the pressure control function for 
the perforating unit 20. This arrangement can 
greatly improve operability in setting the elongated 
film 36 and replacing the first roll 6 arranged below 
5 the second roll 16 with another roll having a large 
number of synthetic diamond particles, each having 
a size different from that of the first roll 6. electro- 
deposited thereon. 

70 Second Embodiment 

Fig. 4 is a front view showing a porous film 
manufacturing apparatus according to the second 
embodiment of the present invention. Fig. 5 is a 

is sectional view showing a main part of an arc radi- 
ation means incorporated in the apparatus in Fig. 4. 
Note that the same reference numerals in Figs. 4 
and 5 denote the same parts as in Fig. 1 to 3. and 
a description thereof will be omitted. In the manu- 

20 facturing apparatus shown in Fig. 4, an arc radi- 
ation means 41 is arranged between the perforating 
unit 20 and the destaticizing means 38 described 
above. 

The arc radiation means 41 includes a rotat- 

25 able dielectric roll 41 having a surface on which a 
large number of fine projections are formed. As 
shown in Fig. 5, the dielectric roll 42 comprises: an 
iron roll body 43; a dielectric layer 44 made of, 
e.g., silicone rubber and coated on the surface of 

30 the roll body 43; a nylon bolting cloth 45, having a 
stitch spacing of, e.g., 5 am and coated on the 
surface of the dielectric layer 44, for forming the 
large number of fine projections; and a shaft 46 
extending through the center of the roll body 43 to 

35 protrude from the two ends of the roll body 43. The 
shaft 46 protruding from the two ends of the dielec- 
tric roll 42 is axially supported by two bearing 
boxes (only one bearing box is shown) 47 in- 
tegrated with each other through a bottom plate 

40 (not shown). The shaft 46 is rotated by a driving 
source (not shown). The rotational speed of the 
shaft 46 is adjusted in synchronism with the travel- 
ing speed of the elongated film 36. A ball screw 48 
is attached to the lower surface of a middle portion 

45 of the bottom plate. The ball screw 48 extends into 
a recess portion (not shown) of the table 2. Refer- 
ring to Fig. 4, reference numeral 49 denotes an 
extended portion of the lower plate 3a of the frame 
3. A casing 50 incorporating a threaded engaging 

so plate (not shown) is arranged in the recess portion. 
The protruding lower end portion of the ball screw 
48 is threadably engaged with the engaging plate 
in the casing 50. A worm shaft (not shown) en- 
gaged with the protruding lower end portion of the 

55 ball screw 48 is horizontally inserted in the casing 
50, and a handle 51 is attached to one end of the 
worm shaft. With this arrangement, when the han- 
dle 51 is rotated, the ball screw 48 engaged with 
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the worm shaft of the handle 51 is rotated to lower 
(or raise) the bottom plate to which the ball screw 
48 is attached. As a result, the dielectric roll 42 
axially supported by the box 47 is located to leave 
a predetermined gap between the box 47 and the 
elongated film 36 which is conveyed among feed 
rollers 37. 

An elongated electrode 52 is arranged above 
the dielectric roll 42 to oppose it so as to leave a 
predetermined distance therebetween along the 
longitudinal direction of the roll 42. With this ar- 
rangement, an arc can be radiated on the elon- 
gated film 36, which passes between the roll 42 
and the electrode 52. along the direction of the 
width of the film 36. A lead (not shown) for sup- 
plying predetermined power is connected to an 
end portion of the electrode 52. Upper portions, of 
the electrode 52 f near its both ends are respec- 
tively supported by terminals 54 surrounded by 
insulators 53. Metal rods 55 are respectively at- 
tached to the upper ends of the insulators 53. and 
each rod 55 is supported by a support member 56. 
Note that a second roll 16 incorporated in the 
perforating unit 20 includes a roll body having a 
surface coated with a polymer resin layer, e.g.. an 
urethane resin layer. 

An operation of the manufacturing apparatus 
having the above-described arrangement shown in 
Fig. 4 will be described below. 

A preparation for a perforating operation is 
performed first to apply a uniform pressure on the 
elongated film 36, which passes between the first 
and second rolls 6 and 16, along the direction of 
width of the film 36 upon pressure control for the 
unit 20 by the pressure control means 35. Upon 
completion of the preparation, the handle 51 of the 
arc radiation means 41 is rotated to locate the 
dielectric roll 42 at a position where the roll 42 
opposes the lower surface of the film 36 to leave a 
gap of, e.g., about 2 mm therebetween. In addition, 
the electrode 52 is located to leave almost no gap 
between the electrode 52 and the upper surface of 
the elongated film 36. When the first and second 
rolls 6 and 16 are rotated, a pressure acting on the 
elongated film 36 made of, e.g.. a polyethylene film 
which passes between the first and second rolls 6 
and 16 is reduced because of the effect of the 
polymer resin layer coated on the surface of the 
second roll 16. Consequently, the elongated film 36 
is perforated by the acute corner portions of a 
large number of synthetic diamonds particles 7 on 
the surface of the first roll 6 without forming 
through pores, and a large number of blind pores, 
each having a size of sub-um to several tens urn, 
are uniformly formed in the elongated film 36. 

The elongated film 36 pre-perforated by the 
unit 20 is conveyed to the arc radiation means 41 
by the plurality of feed rolls 37. Subsequently, the 


dielectric roll 42 of the arc radiation means 41 is 
rotated in synchronism with the traveling speed of 
the film 36, and a high voltage is applied to the 
electrode 52 through the lead (not shown). As a 

s result, high-voltage discharge is induced between 
the electrode 52 and the dielectric roll 42 which 
oppose each other through the elongated film 36. 
In this case, since the surface of the dielectric roll 
42 is covered with nylon bolting cloth 45 having a 

iq stitch spacing of, e.g., 5 urn, as shown in Fig. 5, an 
arc (electrons) 58 does not concentrate on a por- 
tion of the elongated film 36 but is uniformly radi- 
ated on blind pores 57 distributed along the direc- 
tion of width of the film 36, thus forming a large 

75 number of through pores 59 on the micron order. In 
this arc radiation step, the dielectric roll 42 is 
rotated to prevent the arc 58 from burning the 
bolting cloth 45 and the like on the surface of the 
roll 42. 

20 After the perforation process is completed, the 

elongated film 36 is conveyed to pass through the 
vessel 39, of the destaticizing means 38, in which 
the pure water is stored, while an ultrasonic wave 
generating member (not shown) applies ultrasonic 
25 waves on the pure water. With this operation, dust 
attached to the elongated film 36 is easily washed 
out. The elongated film 36 having the through 
pores from which the dust is washed out passes 
through a plurality of hot air blasting members (not 

30 shown) so that water on the surface of the film 36 
is evaporated and removed. The elongated film 36 
is then taken up by a take-up roll. 

According to the manufacturing apparatus of 
the second embodiment, therefore, pre-perforation 

35 is performed to form the large number of blind 
pores 57 in the elongated film 36 made of, e.g., 
polyethylene by using the perforating unit 20, and 
the arc 58 is uniformly radiated on the blind pores 
57 in the elongated film 36 by using the arc radi- 

40 ation means 41 . With this operation, in comparison 
with the first embodiment wherein through pores 
are formed by using only the perforating unit 20, 
damage to film portions around the through pores 
can be suppressed, and finer through pores can be 

45 formed. Therefore, the tensile strength and the like 
of the film portions around the through pores are 
increased, and the essential properties of the film 
can be maintained. In addition, long porous films in 
which a large number of through pores, each hav- 

50 ing a size of sub-um to several tens urn, are 
uniformly formed at a high density can be continu- 
ously manufactured. 

Note that since the manufacturing apparatus of 
the second embodiment employs the arc radiation 

55 means, elongated films to be proc ssed are limited 
to films made of materials other than metals, e.g., 
polymeric mat rials, composite materials, and lami- 
nated materials. 
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Third Embodiment 

Fig. 6 is a front view showing a porous film 
manufacturing apparatus according to the third em- 
bodiment of the present invention. Fig. 7 is a side 
view showing a main part of the manufacturing 
apparatus in Fig. 6. Fig. 8 is a sectional view taken 
along a line VIII - VIII in Fig. 7. Referring to Fig. 6, 
reference numeral 101 denotes a bed. A table 102 
is arranged on the upper surface of the bed 101 
except for a portion near its right end. Two hook- 
shaped frames 103 are arranged on the table 102 
to be spaced apart by a predetermined distance in 
the direction of the width of the table 102. Each 
frame 103 is constituted by a lower plate 103a, a 
side plate 103b, and an upper plate 103c. A first 
box 105 incorporating a bearing 104 is fixed to a 
portion near the middle portion of the side plate 
103b of each frame 103. A first roll 106 is arranged 
between the frames 103. As shown in Fig. 7, the 
first roll 106 is constituted by an iron roll body 108 
and a shaft 109. A large number of particles (e.g., 
synthetic diamond, particles) 107, each having a 
particle diameter of, e.g., 70 to 85 urn, acute 
corner portions, and a Mohs hardness value of 5 or 
more, are electro-deposited on the surface of the 
roll body 108 at an area ratio of 70% or more. The 
shaft 109 extends through the center of the main 
body 1 08 to protrude from the two end faces of the 
roll body 108. The two protruding end portions of 
the shaft 109 are axiaily supported by the bearings 
104 of the first boxes 105, respectively. A portion, 
of the shaft 109, located on one end side (e.g., the 
left end side) of the first roll 106 extends through 
the box 105, and a gear 111 meshed with a gear of 
the driving shaft of a motor (not shown) is fitted on 
the protruding portion of the shaft 109. With this 
arrangement when the motor is driven, the first roll 
16 is rotated, e.g., clockwise, in addition, a gear 
110 is fitted on a protruding portion, of the shaft 
1 09, located between the gear 1 1 1 and the left side 
surface of the box 105. 

Rails 112 and 113 are respectively formed on 
portions, of the side plate 103b of each frame 103, 
located below and above the first box 105. As 
shown in Fig. 8, sliders 114 (only one is shown) are 
respectively arranged on the lower rails 112 to be 
vertically moved. A second box 116 incorporating a 
bearing 115 is fixed to each slider 114 to be 
vertically moved along a corresponding one of the 
rails 112. A second roll 117 is arranged between 
the frames 103 to be located below the first roll 
106 and to oppose it. The second roll 117 is 
constituted by a roll body 118 made of, e.g., stain- 
less steel and having a hard surface, and a shaft 
119 extending through the center of the roll body 
1 1 8 to protrude from the two end faces of the roll 
body 1 1 8. The two protruding end portions of the 


shaft 119 are axialiy supported by the bearings 115 
in the second boxes 116, respectively. A portion, of 
the shaft 119, located on one end side (e.g., the 
left end side) of the second roll 117 extends 

5 through the second box 116 to protrude therefrom, 
and the protruding portion of the shaft 119 is fitted 
in a gear 120 meshed with the gear 110 of the 
shaft 109 of the first roll 106. With this arrange- 
ment, the second roll 117 is freely moved along the 

70 rails 112 in the vertical direction through the sec- 
ond boxes 116 and the sliders 114. In addition, 
when the shaft 109 of the first roll 106 is rotated 
clockwise by the motor, the shaft 119 having the 
gear 120 meshed with the gear 110 of the shaft 

is 109 is rotated counterclockwise. As a result, the 
second roll 117 is rotated counterclockwise. 

As shown in Fig. 8, sliders 121 are respectively 
arranged on the upper rails 113 to be vertically 
moved. A third box 123 incorporating a bearing 122 

20 is fixed to each slider 121 to be vertically moved 
along a corresponding one of the rails 113. A third 
roll 124 is arranged between the frames 103 to be 
located above the first roll 106 and to oppose it. 
The third roll 124 is constituted by an iron roll body 

25 1 26 having a surface covered by a polymeric layer 

125 made of, e.g., an urethane resin, and a shaft 
127 extending through the center of the roll body 

1 26 to protrude from the two end faces of the roll 
body 126. The two protruding end portions of the 

30 shaft 127 are axialiy supported by the bearings 122 
in the third boxes 123, respectively. A portion, of 
the third roll 124, located on one end side (e.g., the 
left end side) of the third roll 124 extends through 
the third box 123 to protrude therefrom, and a gear 

35 128 meshed with the gear 110 of the shaft 109 of 
the first roll 106 is fitted on the protruding portion 
of the shaft 127. With this arrangement, the third 
roll 124 is freely moved along the rails 113 in the 
vertical direction through the third boxes 123 and 

40 the sliders 121. In addition, when the shaft 109 of 
the first roll 106 is rotated clockwise by the motor, 
the shaft 127 having the gear 128 meshed with the 
gear 110 of the shaft 109 is rotated counterclock- 
wise. As a result, the third roll 124 is rotated 

45 counterclockwise. 

A perforating unit 1 29 is constituted by the two 
frames 103, the two first boxes 105, the first roll 
106, the two pairs of sliders 112 and 113, the two 
second boxes 116, the second roll 117, the two 

so third boxes 123, and the third roll 124. 

Cylindrical members 132, each having upper 
and lower flanges 130 and 131, are respectively 
arranged on the lower walls of the two second 
boxes 116. As shown in Fig. 8, each cylindrical 

55 member 132 is fastened to a corresponding one of 
the s cond boxes 116 with, a plurality of screws 
133 threadably engaged with the lower wall of the 
second box 116 through the upper flange 130. A 
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disk 135 having a hole 134 in its center is arranged 
on the lower flange 131 of each cylindrical member 
132. Each disk 135 is fastened to a corresponding 
one of the lower flanges 131 with a plurality of 
screws threadably engaged therewith through the 
disk 135. A coil spring 137 is housed in each 
cylindrical member 132 to vertically generate an 
elastic force. Rods 139, each having a pressure 
sensor 138 attached to its upper end, are respec- 
tively inserted into the cylindrical members 132 
through the hales 134 of the disk 135. The sensors 
138 are respectively brought into contact with the 
lower ends of the coils springs 137 to detect pres- 
sures acting on the coil springs 137 upon upward 
movement of the rods 139. A disk-like guide 140 is 
attached to a portion, of each rod 139, located, 
below a corresponding one of the sensors 138 to 
allow smooth vertical movement of each rod 139. A 
ball screw 141 is fitted in the lower end portion of 
each rod 139. Each ball screw 141 extends through 
the lower plate 103a of a corresponding one of the 
frames 103 to protrude into a recess portion (not 
shown) of the table 102. Casings (only one casing 
is shown) 142, each incorporating a threaded en- 
gaging plate (not shown), are respectively arranged 
in the recess portions. The protruding lower end 
portions of the ball screws 141 are threadably 
engaged with the engaging plates in the casings 
142, respectively. Worm shafts (not shown) en- 
gaged with the protruding lower end portions of the 
ball screws 141 are horizontally inserted into the 
casings 142, respectively. In addition, a handle (the 
other handle is not shown) 143 is attached to one 
end of each worm shaft. With this arrangement, 
when the handles 143 are rotated, the ball screws 
141 engaged with the worm shafts of the handles 
143 are rotated to raise (or lower) the rods 139 in 
which the ball screws 141 are respectively fitted. In 
this case, when each rod 139 is lowered by a 
predetermined distance or more, the disk-like guide 
140 attached to the rod 139 is brought into contact 
with the inner surface of the disk 135 on the lower 
portion of the cylindrical member 132 to lower the 
cylindrical member 132 itself. Consequently, the 
second box 116 fixed to the upper end of the 
cylindrical member 132 is moved downward along 
the lower rail 1 12 through the slider 114. 

A first pressure control means 144 for control- 
ling a pressure acting on a film passing between 
the first and second rolls 106 and 117 is con- 
stituted by the two cylindrical members 132, the 
two disks 135, the two coil springs 137, the two 
pressure sensors 138, the two rods 139, the two 
disk-like guides 140, the two bail screws 141, the 
two casings 142, the two worm shafts (not shown), 
and the two handles 143. 

Cylindrical members 147, each having upper 
and lower flanges 145 and 146, are respectively 


arranged on the upper walls of the two third boxes 
123. As shown in Fig. 8, each cylindrical member 
1 47 is fastened to a corresponding one of the third 
boxes 123 with a plurality of screws 148 threadably 
5 engaged with the upper wall of the third box 123 
through the lower flange 146. A disk having a hole 
149 in its center is arranged on the upper flange 
145 of each cylindrical member 147. Each disk 150 
is fastened to a corresponding one of the upper 
io flanges 145 with a plurality of screws 151 threadab- 
ly engaged with the upper flange 145 through the 
disk 150. A coil spring 152 is housed in each 
cylindrical member 147 to vertically provide elastic 
force. The lower end of each coil spring 152 is 
is brought into contact with the upper wail of a cor- 
responding one of the third boxes 123. Rods 154, 
each having a pressure sensor 153 attached to its 
lower end, are respectively inserted into the cylin- 
drical members 147 through the holes 149 of the 
20 disks 150. The sensors 153 are respectively 
brought into contact with the upper ends of the coil 
springs 152 to detect pressures acting on the coil 
springs 152 upon downward movement of the rods 
154. Disk-like guides 155 are respectively attached 
25 to portions, of the rods 154, located above the 
sensors 153 so as to allow smooth vertical move- 
ment of the rods 154. Ball screws 156 are respec- 
tively fitted in the upper end portions of the rods 
154. Each screw ball 156 extends through the 
30 upper plate 103c of a corresponding one of the 
frames 103 to protrude upward from the upper 
plate 103c. Casings (only one casing is shown) 
157, each incorporating, a threaded engaging plate 
(not shown), are respectively arranged on the up- 
as per surfaces of the upper plates 103c. The protrud- 
ing upper end portion of each ball screw 156 is 
threadably engaged with the engaging plate in a 
corresponding one of the casings 157. Worm 
shafts (not shown) engaged with the protruding 
40 upper end portions of the ball screws 156 are 
horizontally inserted into the casings 157, respec- 
tively. A handle (the other handle is not shown) 158 
is attached to one end of each worm shaft. With 
this arrangement, when the handles 158 are rotat- 
45 ed, the ball screws 156 respectively engaged with 
the worm shafts of the handles 158 are rotated to 
lower (or raise) the rods 154 in which the ball 
screws 156 are fitted. In this case, each rod 154 is 
raised by a predetermined distance or more, the 
so disk-like guide 155 attached to the rod 154 is 
brought into contact with the inner surface of the 
disk 150 on the upper portion of the cylindrical 
member 147, thus raising the cylindrical member 
147 itself. As a result, the third box 123 fixed to the 
55 lower end of the cylindrical member 147 is moved 
upward along the rail 113 through the slider 121. 

A second pressure control means 159 for con- 
trolling a pressure acting on a film passing through 
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the first and third rolls 106 and 124 is constituted 
by the two cylindrical members 147, the two disks 
150, the two coils springs 152, the two pressure 
sensors 153, the two rods 154, the two disk-like 
guides 155, the two ball screws 156, the two cas- 5 
ings 157, the two worm shafts (not shown), and the 
two handles 158. 

An elongated film winding roll (not shown) is 
arranged in front of the perforating unit 129. An 
elongated film 160 from the winding roll is fed to 10 
positions between the first and second rolls 106 
and 117 and between the first and third rolls 106 
and 124 of the unit 129 through two feed rolls 161. 
A destaticizing means 162 is arranged at the outlet 
of the unit 129. The destaticizing means 162 com- 75 
prises a vessel, arranged on the table 102, in which 
pure water is stored, and an ultrasonic wave gen- 
erating member (not shown) for applying ultrasonic 
waves to the pure water. Five feed rolls 161 are 
respectively arranged between the unit 129 and the 20 
destaticizing means 162. in the vessel, and at the 
outlet of the vessel 163 so as to convey the elon- 
gated film passing between the first and third rolls 
106 and 124. Note that abutment rolls 164 are 
respectively arranged in contact with the two feed 25 
rolls 161 located at the inlet and outlet of the 
vessel 163. A plurality of hot air blasting members 
(not shown) for drying the film 160 passing be- 
tween the feed and abutment rolls 161 and 164, 
and a take-up roll (not shown) are sequentially 30 
arranged at the outlet of the destaticizing means 
162. 

An operation (A) to perforate an elongated film 
between the first and second rolls 106 and 117 of 
the perforating unit 129 by using the porous film 35 
manufacturing apparatus having the above-de- 
scribed arrangement will be described below with 
reference to Figs. 7, 8, and 9. An operation (B) to 
perforate an elongated film between the first and 
third rolls 106 and 124 of the perforating unit 129 <to 
will be described below with reference to Figs. 7, 8, 
and 10. 

(A) The two handles 143 of the first pressure 
control means 144 are rotated, e.g., counter- 
clockwise to lower the second boxes 116, of the 45 
perforating unit 129, coupled to the upper ends 
of the cylindrical members 132, along the rails 
of the frames 103 through the sliders 11 4, re- 
spectively, thereby separating the second roll 
117, which is axially supported by the bearings so 
115 in the second boxes 116, from the first roll 
106 by a sufficient distance. In addition, the two 
handles 158 of the second pressure control 
means 159 are rotated, e.g., clockwise to raise 
the third boxes 123, which respectively coupled 55 
to the lower ends of the cylindrical members 
147. along the rails 113 of the frames 103 
through the sliders 121, respectively, thus sepa- 


rating the third roll 124, which is axially sup- 
ported by the bearings 122 in the third boxes 
123, from the first roll 106, located therebelow, 
by a sufficient distance. In this state, the elon- 
gated film 160 made of, e.g., polyethylene is fed 
from the winding roll (not shown) and is con- 
veyed by the two feed rolls 1 61 to pass between 
the first and second rolls 106 and 117. The film 
160 then passes between the first and third rolls 
106 and 124 through the feed roll 161. Subse- 
quently, the film 160 is conveyed by the five 
feed roils 161 to pass through the vessel 163 of 
the destaticizing means 162 and is further con- 
veyed to pass through the plurality of hot air 
blasting members (not shown). Finally, the lead- 
ing end of the elongated film 160 is wound 
around the take-up roll (not shown). Note that 
when the elongated film 160 is caused to pass 
between the first and third rolls 106 and 124, the 
film 160 is not brought into contact with the 
surface of the first roll 106, as shown in Fig. 9. 

After the leading end of the elongated film 
160 is taken up by the take-up roll, the two 
handles 143 of the first pressure control means 
144 are rotated clockwise to raise the second 
boxes 116, coupled to the upper ends of the 
cylindrical member 132, along the rails 112 of 
the frames 103 through the sliders 114, respec- 
tively. As a result, the second roll 117 axially 
supported by the bearings 115 in the second 
boxes 116 is brought into contact with the first 
roll 106 located thereabove. The handles 143 
are further rotated in the same direction to 
cause the sensors 138 on the upper ends of the 
rods 139 to compress the coil springs 137 lo- 
cated thereabove, respectively. Upon compres- 
sion of the coil springs 137, pressures are re- 
spectively applied to the lower walls of the sec- 
ond boxes 116, thus increasing the pressure 
between the first roll 106 and the second roll 
117 axially supported by the bearings 115 in the 
second boxes 116. In this case, the pressure 
(compressing force) between the first and sec- 
ond rolls 106 and 117 is detected by each 
pressure sensor 138, and the rotation of a cor- 
responding one of the handles 143 is adjured 
clockwise/counterclockwise, thereby contrc g 
a pressure acting on the elongated film -0 
located between the second and first rolls 11 7 
and 106 When pressure control for the unit 129 
is performed by the first pressure control means 
144 in this manner, a uniform pressure is ap- 
plied to the elongated film 160 located between 
the second and first rolls 117 and 106 along the 
direction of the width of the film 160. With this 
operation, the preparation of a perforating opera- 
tion is completed. 

Upon completion of the preparation of the 
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perforating operation, the ultrasonic wave gen- 
erating member (not shown) applies ultrasonic 
waves to the pure water stored in the vessel 163 
of the destaticizing means 162. The take-up roll 
is then rotated, and at the same time, the driving 
shaft of the motor (not shown) is rotated. Upon 
transmission of the rotating force from the gear 
of the driving shaft to the gear 1 1 1 of the shaft 
109. the first roll 106 is rotated clockwise. When 
the first roll 106 is rotated, the second roll 117 is 
rotated counterclockwise upon transmission of 
the rotating force from the gear 110 of the shaft 
109 to the gear 120 of the shaft 119 of the 
second roll 117. In this case, since the third roll 
124 is sufficiently separated above from the first 
roll 106. the gear 128 of the shaft 127 of the 
third roll 124 is disengaged from the gear 110 of 
the shaft 109 of the first roll 106. Therefore, the 
third roll 124 is not driven upon rotation of the 
motor and hence is set in a free state. When the 
first and second roils 1 06 and 1 1 7 are rotated in 
this manner, the elongated film 160 passing 
between the rolls 106 and 117 is perforated. 

As shown in Fig. 7, the first roll 106 includes 
the roll body 108 having the surface on which 
the large number of synthetic diamond particles 
107, each having the acute corner portions, are 
electro-deposited at an area ratio of 70% or 
more. In addition, the second roll 117 includes 
the roll body 118 having the hard surface made 
of, e.g., stainless steel. With these structures, 
when the elongated film 160 passes between 
the first and second rolls 106 and 117, the film 
160 is perforated by the acute corner portions of 
the large number of synthetic diamond particles 
107 on the surface of the first roll 106, thus 
uniformly forming a large number of uniform 
through pores, each having a size of sub-urn to 
several tens urn, in the elongated film 36 in the 
direction of width thereof. In addition, since 
pressure control for the unit 129 is performed by 
the first pressure control means 144, even if the 
first roll 106 having a surface precision of sev- 
eral tens urn is incorporated in the perforating 
unit 129, a uniform pressure can be applied to 
the elongated film 160, which passes between 
the first and second rolls 106 and 117, along the 
direction of width of the film 160. Therefore, 
dynamic external forces such as vibrations and 
shocks acting between the first and second rolls 
106 and 117 upon passage of the elongated film 
160 can be absorbed and reduced, thus allowing 
smooth, continuous rotation of the first and sec- 
ond rolls 106 and 117. As a result, a large 
number of uniform through pores, each having 
the above-mentioned small size, are uniformly 
formed in the elongated film 160 at a high 
density. 
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The elongated film 160 perforated by the 
unit 129 is conveyed by the five feed rolls 161 
and the two abutment rolls 164 to pass through 
the vessel 163 of the destaticizing means 162. 

5 Since a perforating operation of the unit 129 with 
respect to the elongated film 160 is mainly 
based on the friction between the first and sec- 
ond rolls 106 and 117, a large amount of static 
electricity is generated on the surface of the film 

to 160 upon perforation, thus attracting surrounding 
dust. After the perforating operation, the elon- 
gated film 160 is conveyed to pass through the 
vessel 163, of the destaticizing means 160, in 
which the pure water is stored, and ultrasonic 

75 waves are applied to the pure water by the 
ultrasonic wave generating member (not shown). 
With this operation, the dust attracted to the 
elongated film 160 is easily washed out The 
elongated film 160 having the large number of 

20 through pores passes through the plurality of hot 
air blasting members (not shown) so that water 
on the surface is evaporated and removed. The 
film 160 is then taken up by the take-up roll. 
(B) Similar to the operation (A) described above, 

25 the two handles 143 of the first pressure control 
means 144 are rotated, e.g., counterclockwise to 
separate the second roll 117 from the first roil 
106, located thereabove, by a sufficient dis- 
tance. In addition, the two handles 158 of the 

30 second pressure control means 159 are rotated, 
e.g.. clockwise to separate the third roll 124 
from the first roll 106, located therebelow, by a 
sufficient distance. Subsequently, the elongated 
film 160 made of, e.g.. polyethylene is fed from 

35 the winding roll (not shown) to pass through the 
respective members, thus winding the leading 
end of the film around the take-up roll (not 
shown). Note that when the elongated film 160 
passes between the first and second rolls 106 

40 and 117, the elongated film 160 is not brought 
into contact with the surface of the first roll 106, 
as shown in Fig. 10. 

After the leading end of the elongated film 160 
is wound around the take-up roller, the two handles 

45 158 of the second pressure control means 159 are 
rotated counterclockwise to lower the third boxes 
123, coupled to the lower ends of the cylindrical 
members 147, along the rails 113 of the frames 
103 through the sliders 121, respectively. As a 

so result, the third roil 124 axially supported by the 
bearings in the third boxes 123 is brought into 
contact with the first roil 106 located therebelow. 
The handles 158 are further rotated in the same 
direction to cause the sensors 152 on the lower 

55 ends of the rods 154 to compress the coil springs 
152 located therebelow. Upon compression of each 
coil spring 152, a pressure is applied to th upper 
wall of a corresponding one of the third boxes 124, 
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and a pressure acting between the first roll 106 and 
the third roll 124 axially supported by the bearings 
122 in the third boxes 123 is increased. In this 
case, the pressure (compressing force) between 
the third and first rolls 124 and 106 is detected by 5 
each pressure sensor 152, and the rotation of a 
corresponding one of the handles 158 is adjusted 
clockwise/counterclockwise, thus controlling a pres- 
sure acting on the elongated film 160 located be- 
tween the first and third rolls 106 and 124. When to 
pressure control for the unit 129 is performed by 
the second pressure control means 159 in this 
manner, a uniform pressure can be applied to the 
elongated film 160, located between the first and 
third rolls 106 and 124, along the direction of the 75 
width of the film 160. With this operation, the 
preparation of a perforating operation is completed. 

Upon completion of the perforating operation, 
the ultrasonic wave generating member (not 
shown) applies ultrasonic waves to the pure water 20 
stored in the vessel 163 of the destaticizing means 
162. Subsequently, the take-up roll and the driving 
shaft of the motor (not shown) are simultaneously 
rotated. Upon transmission of the rotating force 
from the gear of the driving shaft to the gear 1 1 1 of 25 
the shaft 109 of the first roll 106, the first roll 106 is 
rotated clockwise. When the first roll 106 is rotated, 
the third roll 124 is rotated counterclockwise upon 
transmission of the rotating force from the gear 1 1 0 
of the shaft 109 to the gear 128 of the shaft 127 of 30 
the third roll 124. In this case, since the second roll 
117 is sufficiently separated upward from the first 
roll 106, the gear 120 of the shaft 119 of the 
second roil 117 is disengaged from the gear 110 of 
the shaft 109 of the first roll 106. Therefore, the 35 
second roil 117 is not driven upon rotation of the 
motor and hence is set in a free state. When the 
first and third rolls 106 and 124 are rotated in this 
manner, the elongated film 160 passing between 
the rolls 106 and 124 is perforated. *o 

As shown in Fig. 7, the first roll 106 includes 
the iron roll body 108 having the surface on which 
the large number of synthetic diamond particles 
107 having the acute corner portions are electro- 
deposited at an area ratio of 70% or more. In 45 
addition, the third roll 124 includes the roll body 
126 having the surface coated with the polymeric 
resin layer 125 such as an urethane resin layer. 
With these structures, when the elongated film 160 
passes between the first and third rolls 106 and 50 
124, the surface of the first roll 106 is perforated by 
the acute corner portions of the large number of 
synthetic diamond particles 107, while the pressure 
acting on the film 160 upon perforation by the 
synthetic diamond particles is reduced by the poly- 55 
mer resin layer 125. For this reason, the acute 
corner portions of the synthetic diamond particles 
107 do not penetrate through the film 160 unlike 


the operation (A) described above, and a large 
number of uniform blind pores, each having a size 
of sub-urn to several tens urn, are uniformly 
formed in the elongated film 160 at a high density. 
In addition, since pressure control for the unit 129 
is performed by the second pressure control 
means 159, even if the first roll 106 having a 
surface precision of several tens urn is incorpo- 
rated in the unit 129, a uniform pressure can be 
applied to the elongated film 160, which passes 
between the first and third rolls 106 and 124, along 
the direction of the width of the film 160. Therefore, 
dynamic external forces such as vibrations and 
shocks, acting between the first and third rolls 106 
and 124 upon passage of the elongated film 160 
are absorbed and reduced, and the first and third 
rolls 106 and 124 are smoothly and continuously 
rotated. As a result, a large number of blind pores, 
each having the small size described above, are 
uniformly formed in the elongated film 160 at a 
high density. 

The elongated film 160 perforated by the unit 
129 is conveyed by the five feed rolls 161 and the 
two abutment rolls 164 to pass through the vessel 
163 of the destaticizing means 162. and attached 
to the elongated film 160 is easily washed out in 
the same manner as described in the operation (A). 
The elongated film 160 having the large number of 
blind pores passes through the plurality of hot air 
blasting members (not shown) so that water on the 
surface of the film 160 is evaporated and removed. 
The elongated film 160 is then taken up by the 
take-up roll. 

According to the porous film manufacturing ap- 
paratus of the third embodiment, therefore, a large 
number of uniform through pores, each having a 
small size arbitrarily selected in the range of sub- 
urn to several tens. urn, can be uniformly formed in 
the elongated film 160 made of various types of 
materials, such as polymeric materials and metals, 
at a high density without almost any deterioration in 
essential characteristics of the film material, as 
described in the operation (A). In addition, as de- 
scribed in the operation (B), a large number of 
uniform blind pores, each having a small size ar- 
bitrarily selected in the range of sub-um to several 
tens urn, can be uniformly formed in the elongated 
film 160 made of various types of materials, such 
as polymeric materials and metals, at a high den- 
sity without almost any deterioration in essential 
characteristics of the film material. Therefore, the 
operability of the manufacturing apparatus of this 
embodiment in perforation can be greatly improved 
as compared with the manufacturing apparatus of 
the first embodiment. Note that pressures acting 
between the first and second roils 106 and 117 and 
between the first and third rolls 106 and 124 of the 
perforating unit 129 may be respectively controlled 
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by the first and second pressure control means 
144 and 159, as shown in Fig. 6, so that a large 
number of uniform through pores and blind pores 
can be uniformly formed in the elongated film 160 
at a high density by causing the film 160 to pass 
between the rolls 105 and 117 and between the 
rolls 106 and 124. 

In addition, by causing the elongated film 160 
to pass through the destaticizing means 162 upon 
perforation, a dust-free, easy-to-handle porous film 
can be taken up by the take-up roll. 

Fourth Embodiment 

Rg. 11 is a front view showing a porous film 
manufacturing apparatus according to the fourth 
embodiment of the present invention. Rg. 12 is a 
sectional view showing a main part of an arc radi- 
ation means incorporated in the apparatus in Rg. 
1 1 . Note that the same reference numerals in Rgs. 
1 1 and 1 2 denote the same parts as in Rgs. 6 to 8. 
and a description thereof will be omitted. The man- 
ufacturing apparatus shown in Rg. 11 is designed 
such that an arc radiation means 165 is arranged 
between the perforating unit 129 and the destaticiz- 
ing means 162. 

The arc radiation means 165 includes a rotat- 
able dielectric roll 166 having a surface on which a 
large number of fine projections are formed. As 
shown in Rg. 12, the dielectric roll 166 comprises: 
an iron roll body 167; a dielectric layer 168 made 
of, e.g., silicone rubber and coated on the surface 
of the roll body 167; a nylon bolting cloth 169, 
having a stitch spacing of, e.g., 5 urn and coated 
on the surface of the dielectric layer 168, for for- 
ming the large number of fine projections; and a 
shaft 170 extending through the center of the roll 
body 167 to protrude from the two ends of the roll 
body 167. The shaft 170 protruding from the two 
ends of the dielectric roll 166 is axially supported 
by two bearing boxes (only one bearing box is 
shown) 171 integrated with each other through a 
bottom plate (not shown). The shaft 1 70 is rotated 
by a driving source (not shown). The rotational 
speed of the shaft 170 is adjusted in synchronism 
with the traveling speed of the elongated film 160. 
A ball screw 172 is mounted on the lower surface 
of a middle portion of the bottom plate. The ball 
screw 172 extends into a recess portion (not 
shown) of the table 102. Referring to Rg. 11, 
reference numeral 173 denotes an extended por- 
tion of the lower plate 103a of the frame 103. A 
casing 174 incorporating a threaded engaging plate 
(not shown) is arranged in the recess portion. The 
protruding lower end portion of th ball screw 172 
is threadably engaged with the engaging plate in 
the casing 174. A worm shaft (not shown) engaged 
with the protruding lower end portion of the ball 


screw 172 is horizontally inserted in the casing 
174, and a handle 175 is attached to one end of 
the worm shaft. With this arrangement, when the 
handle 175 is rotated, the ball screw 172 engaged 

s with the worm shaft of the handle 175 is rotated to 
lower (or raise) the bottom plate on which the ball 
screw 172 is mounted. As a result, the dielectric 
roll 166 axially supported by the box 171 is located 
to leave a predetermined gap between the box 171 

10 and the elongated film 160 which is conveyed 
among feed rollers 161. 

An elongated electrode 176 is arranged above 
the dielectric roll 166 to oppose it so as to leave a 
predetermined distance therebetween along the 

75 longitudinal direction of the roll 166. With this ar- 
rangement, an arc can be radiated on the elon- 
gated film 160, which passes between the roll 166 
and the electrode 176, along the direction of the 
width of the film 160. A lead (not shown) for sup- 

20 plying predetermined power is connected to an 
end portion of the electrode 176. Upper portions, of 
the electrode 176, near its both ends are respec- 
tively supported by terminals 178 surrounded by 
insulators 177. Metal rods 179 are respectively 

25 attached to the upper ends of the insulators 177, 
and each rod 179 is supported by a support mem- 
ber 180. 

An operation of the manufacturing apparatus 
having the arrangement shown in Rg. 11 will be 
30 described below. 

Similar to the operation (B) described above, 
the preparation of a perforating operation is com- 
pleted to apply a uniform pressure to the elongated 
film 160, which passes between the first and third 
35 rolls 106 and 124, along the direction of the width 
of the film 160 by controlling a pressure acting 
between the first and third rolls 106 and 124 of the 
perforating unit 129 by using the second pressure 
control means 159. Subsequently, the handle 175 
40 of the arc radiation means 165 is rotated to locate 
the dielectric roll 166 to oppose the elongated film 
160 so as to leave a gap of, e.g., 2 mm between 
the roll 166 and the lower surface of the film 160. 
At the same time, the electrode 176 is located to 
45 leave almost no gap between the electrode 176 
and the upper surface of the elongated film 160. 
When the first and third rolls 106 and 124 are 
rotated, a pressure acting on the elongated film 
160 made of, e.g., polyethylene, which passes be- 
so tween the rolls 106 and 124 is reduced due to the 
effect of the polymeric resin layer 125 coated on 
the surface of the third roll 124. As a result, the 
elongated film 160 is perforated by the acute cor- 
n r portions of the large number of synthetic dia- 
55 mond particles on the surface of the first roll 106 
without being penetrated, and a large numb r of 
uniform blind pores, ach having a size of sub-um 
to several tens urn, are uniformly form d in th film 
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160 at a high density. 

The elongated film 160 pre-perforated by the 
unit 129 is conveyed to the arc radiation means 
165 by the plurality of feed rolls 161. Subsequent- 
ly, the dielectric roll 166 of the arc radiation means 
165 is rotated in synchronism with the traveling 
speed of the film 160, and a high voltage is applied 
to the electrode 176 through the lead (not shown). 
As a result, high-voltage discharge is induced be- 
tween the electrode 176 and the dielectric roll 166 
which oppose each other through the elongated 
film 160. In this case, since the surface of the 
dielectric roll 166 is covered by the nylon bolting 
cloth 169 having a stitch spacing of, e.g., 5 "urn, as 
shown in Fig. 12. an arc (electrons) 182 does not 
concentrate on a portion of the elongated film 160 
but is uniformly radiated in blind pores 181 distrib- 
uted along the direction of width of the film 160, 
thus forming a large number of through pores 183, 
each having the above-mentioned small size. In 
this arc radiation step, the dielectric roll 166 is 
rotated to prevent the arc 182 from burning the 
bolting cloth 169 and the like on the surface of the 
roll 166. 

After the perforation process is completed, the 
elongated film 1 60 is conveyed to pass through the 
vessel 163, of the destaticizing means 162, in 
which the pure water is stored, while an ultrasonic 
wave generating member (not shown) applies ultra- 
sonic waves on the pure water. With this operation, 
attached to the elongated film 160 is easily washed 
out. The elongated film 160 having the through 
pores passes through a plurality of hot air blasting 
members (not shown) so that water on the surface 
of the film 160 is evaporated and removed. The 
elongated film 160 is then taken up by a take-up 
roll. 

According to the manufacturing apparatus of 
the fourth embodiment, therefore, pre-perforation is 
performed to form the large number of blind pores 
181 in the elongated film 160 made of, e.g., poly- 
ethylene by using the perforating unit 129, and the 
arc is uniformly radiated on the blind pores 181 in 
the elongated film 160 by using the arc radiation 
means 165. With this operation, in comparison with 
the operation (A) in the third embodiment wherein a 
large number of through pores in the elongated film 
160 by causing the film 160 to pass between the 
first and second rolls 106 and 117 of the perforat- 
ing unit 129, damage to film portions around the 
through pores can be suppressed, and finer 
through pores can be formed. Therefore, the ten- 
sile strength and the like of the film portions around 
the through pores are increased, and th essential 
characteristics of the film can be maintained. In 
addition, long porous films in which a large numb r 
of through pores, each having a size of sub-urn to 
several tens urn, are uniformly formed at a high 


density can be continuously manufactured. 

Furthermore, if a large number of through 
pores are to be formed in the elongated film 160 
by causing the film 160 to pass between the first 

s and second rolls 106 and 117 of the perforating 
unit 129 as described in the operation (A) in the 
third embodiment, all the resultant pores may not 
be through pores. That is, some blind pores may 
be left. In such a case, all the pores in the elon- 

io gated film, some of which are blind pores, can be 
formed into through pores by causing the film to 
pass through the arc radiation means. 

Note that since the manufacturing apparatus of 
the fourth embodiment employs the arc radiation 

75 means, elongated films to be processed are limited 
to films made of materials other than metals, e.g.. 
polymeric materials, composite materials, and 
lamina materials. 

20 Fifth Embodiment 

Fig. 13 is a front view showing a porous film 
manufacturing apparatus according to the fifth em- 
bodiment of the present invention. Note that the 

25 same reference numerals in Fig. 13 denote the 
same parts as in Figs. 6 to 8 and 11, and a 
description thereof will be omitted. The manufactur- 
ing apparatus shown in Fig. 13 is designed such 
that two perforating units 129i and 1292 are 

30 aligned in the conveying direction of an elongated 
film 160. The perforating unit 129i of the first row 
is arranged on the left side surface of a side plate 
103b of a frame 103 on a table 102, whereas the 
perforating unit 129s of the second row is arranged 

35 on the right side surface of the side plate 103b of 
the frame 103. The perforating unit 129t of the first 
row includes a first pressure control means 144i 
for controlling a pressure acting between first and 
second rolls 106 and 117 of the unit 129i, and a 

40 second pressure control means 1 59i for controlling 
a pressure acting between the first roll 106 and a 
third roll 124 of the unit 129i. The perforating unit 
1292 includes a first pressure control means 1442 
for controlling a pressure acting between first and 

45 second rolls 106 and 117 of the unit 1292. and a 
second pressure control means for controlling a 
pressure acting between the first roll 106 and a 
third roll 124 of the unit 1292. Note that a ball 
screw 141 of the first pressure control means 1442 

so extends through an extended portion 1 73 of a lower 
plate 103a of the frame 103 to be inserted into a 
recess portion (not shown) in the table 102. A ball 
screw 156 of the second pressure control means 
1592 extends through an extended portion 184 of 

55 an upper plate 103c of the frame 103 to protrude 
therefrom. In addition, a casing 157 of the second 
pressure control means 1592 is arranged on the 
extended portion 184. Two feed rolls 161 are ar- 
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ranged between the perforating units 129i and 
1292 of the first and second rows. An arc radiation 
means 165 is arranged at the outlet of the perforat- 
ing unit 1292 of the second row. A destaticizing 
means 162 is arranged at the outlet of the arc 
radiation means 165. 

An operation of the manufacturing apparatus 
having the arrangement shown in Fig. 13 will be 
described below. 

In accordance with the operation (B) in the 
third embodiment described above, a pressure act- 
ing between the first and third rolls 106 and 124 of 
the perforating unit I29t of the first row is con- 
trolled by the second pressure control means I59t 
to apply a uniform pressure to the elongated film 
160, located between the first and third rolls 106 
and 124, along the direction of width of the film 
160. In addition, a pressure acting between the first 
and third rolls 106 and 124 of the perforating unit 
129 2 of the second row is controlled by the second 
pressure control means 1592 to apply a uniform 
pressure to the elongated film 160, which passes 
between the first and third rolls 106 and 124. along 
the direction of the width of the film 160. In this 
case, the elongated film 160 passing between the 
first and third rolls 106 and 124 of the perforating 
units 129i and 1292 of the first and second rows is 
set such that the upper surface of the film 160 is 
brought into contact with the first roll 106 (having a 
surface on which a large number of synthetic dia- 
mond particles are electro-deposited) of the per- 
forating unit 129i of the first row, and the lower 
surface of the film 160 is brought into contact with 
the first roll 106 of the perforating unit 129 2 of the 
second row. Upon completion of the preparation of 
a perforating operation, a handle 175 of the arc 
radiation means 165 is rotated to locate the dielec- 
tric roll 166 to oppose the elongated film 160 so as 
to be leave a gap of, e.g., about 2 mm between the 
roll 166 and the lower surface of the film 160. In 
addition, the electrode 176 is located to leave al- 
most no gap between the electrode 176 and the 
upper surface of the elongated film 160. 

The first and third rolls 106 and 124 of the 
perforating units 129i and 1292 of the first and 
second rows are rotated. In the perforating unit 
129i of the first row, a pressure acting on the 
elongated film 160 made of. e.g., polyethylene, 
which passes between the rolls 106 and 124. is 
reduced due to the effect of a polymer resin layer 
125 coated on the surface of the third roll 124. 
Therefore, the elongated film 160 is perforated by 
the acute corner portions of a large number of 
synthetic diamond particles on the surface of the 
first roll 106 without being penetrated, and a large 
number of uniform blind pores, each having a size 
of sub-um to several tens urn, are uniformly 
form d in the upper surface of the film 160 at a 


high density. In the perforating unit 1292 of the 
second row, the elongated film 160 is perforated in 
the same manner as in the perforating unit 129i of 
the first row, and a large number of uniform blind 

5 pores, each having a size of sub-am to several 
tens urn, are uniformly formed in the lower surface 
of the film 160 at a high density. 

The elongated film 160 whose upper and lower 
surfaces are p re-perforated by the perforating units 

to 129i and 1292 of the first and second rows is 
conveyed to the arc radiation means 165 by the 
feed rolls 161. Subsequently, the dielectric roil 166 
of the arc radiation means 165 is rotated in syn- 
chronism with the traveling speed of the film 160, 

75 and at the same time, a high voltage is applied to 
the electrode 176 through the lead (not shown). As 
a result, high-voltage discharge is induced between 
the electrode 176 and the dielectric roll 166 which 
oppose each other through the elongated film 160. 

20 In this case, since the surface of the dielectric roll 
166 is covered with a nylon bolting cloth having a 
stitch spacing of, e.g., 5 urn, an arc (electrons) 
does not concentrate on a portion of the elongated 
film 160 but is uniformly radiated in blind pores 

25 1 81 distributed along the direction of width of the 
film 160. thus forming a large number of through 
pores on the micron order. 

After the perforation process is completed, the 
elongated film 160 is conveyed to pass through a 

30 vessel 163, of the destaticizing means 162, in 
which pure water is stored, while an ultrasonic 
wave generating member (not shown) applies ultra- 
sonic waves on the pure water. With this operation, 
attached to the elongated film 160 is easily washed 

35 out. The elongated film 160 having the through 
pores passes through a plurality of hot air blasting 
members (not shown) so that water on the surface 
of the film 160 is evaporated and removed. The 
elongated film 160 is then taken up by a take-up 

4<j roil. 

According to the manufacturing apparatus of 
the fifth embodiment, therefore, the upper and low- 
er surfaces of the elongated film 160 are pre- 
perf orated by the perforating units 129i and 129a 

45 of the first and second rows to form a large number 
of blind pores in the upper and lower surfaces of 
the elongated film 160, and an arc is uniformly 
radiated on blind pores in the elongated film 160 
by using the arc radiation means 165. With this 

so operation, damage to film portions around the 
through pores can be suppressed, and fine through 
pores can be formed. Therefore, the tensile 
strength and the like of the film portions around the 
through pores are increased, and the essential 

55 properties of the film can b maintained. In addi- 
tion, long porous films in which a large number of 
through pores, each having a size of sub-um to 
several tens urn, are uniformly formed at a high 
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density can be continuously manufactured. 

If the particle size of each of a large number of 
synthetic diamond particles electro-deposited on 
the first roll 106 of the perforating units 129i of the 
first row is set to be different from that on the first 
roll 106 of the perforating unit 1292 of the second 
row, a large number of through pores having dif- 
ferent diameters can be uniformly formed in the 
elongated film 160 at a high density upon a radi- 
ation process by the arc radiation means 1 65. 

In addition, in the manufacturing apparatus hav- 
ing the arrangement shown in Fg. 13, if a large 
number of blind pores are formed in the upper and 
lower surfaces of the elongated film 160 by'rotating 
the first and third rolls 106 and 124 of the perforat- 
ing units 129i and 1292 of the first and second 
rows and causing the elongated film 160 to pass 
therebetween, and the film 160 is subsequently 
conveyed to the destaticizing means 162 to per- 
form destaticization without performing a perfora- 
tion process by the arc radiation means 165, a 
porous film having a large number of blind pores 
formed in its upper and lower surfaces can be 
manufactured. Furthermore, in the manufacturing 
apparatus shown in Fig. 13. if a large number of 
through pores are formed in the upper and lower 
surfaces of the elongated film 160 by rotating the 
first and second rolls 106 and 117 of the perforat- 
ing units 129i and 129 2 of the first and second 
rows and causing the elongated film 160 to pass 
therebetween, and the film 160 is subsequently 
conveyed to the destaticizing means 162 to per- 
form destaticization without performing a perfora- 
tion process by the arc radiation means 165, a 
porous film having a large number of through pores 
formed in its upper and lower surfaces can be 
manufactured. 

In the manufacturing apparatuses of the first to 
fifth embodiments, each pressure control means is 
constituted by the cylindrical members, the disks, 
the coil springs, the pressure sensors, the rods, the 
disk-like guides, the ball screws, the casing, the 
worm shafts, and the handles. However, the 
present invention is not limited to this. For exam- 
ple, the pressure control means may be constituted 
by an air cylinder. Alternatively, the pressure sen- 
sors as components of the pressure control means 
may be omitted. However, the pressure control 
means preferably incorporates the sensors in order 
to perform a perforating operation with higher pre- 
cision. 

Moreover, in the manufacturing apparatuses of 
the first to fifth embodiments, synthetic diamond 
particles are used as a large number of particles, 
each having a Mohs hardness value of 5 or more, 
which are deposited on the surface of each first 
roll. Instead of using the synthetic diamond par- 
ticles, however, another type of particle having a 


Mohs hardness value of 5 or more, such as carbide 
alloy particles, e.g., tungsten carbide particles, sili- 
con carbide particles, or boron carbide particles, or 
sapphire particles, may be used to uniformly form 

5 a large number of uniform through pores or blind 
pores, each having a small size arbitrarily selected 
in the range of sub-um to several tens urn, in an 
elongated film at a high density. 

* As has been described above, according to the 

to present invention, there is provided a porous film 
manufacturing apparatus which can uniformly form 
a large number of uniform through pores or blind 
pores, each having a size arbitrarily selected in the 
range of sub-um to several tens urn, in an elon- 

rs gated film made of various types of materials, such 
as polymeric materials and metals, at a high den- 
sity (e.g., 5,000 to 20,000 per cm 2 ), without almost 
any deterioration in essential properties of the film 
materials, thus manufacturing a porous film which 

20 can be effectively used as a material such as a 
sanitary material for a disposable paper diaper as a 
typical example, a medical material, or a clothing 
material. In addition, there is provided a provide a 
porous film manufacturing apparatus which can uni- 

25 formly and continuously form a large number of 
uniform through pores or blind pores, each having 
a small size described above, in an elongated film 
made of various types of materials at a high den- 
sity without cutting the film. Furthermore, there is 

30 provided a porous film manufacturing apparatus 
which can uniformly form a large number of uni- 
form through pores in an elongated film made of a 
polymeric material without making scratches on the 
film. 

35 

Claims 

1. A porous film manufacturing apparatus char- 
acterized by comprising: 
40 feed means for feeding an elongated film 

(36); 

a perforating unit (20) including a first ro- 
tatable roll (6) having a surface on which a 
large number of particles (7), each having ac- 

45 ute corner portions and a Mohs hardness value 

of not less than 5, are deposited, and a second 
roll (16) which is rotatable in a direction re- 
verse to a rotating direction of the first roll (6), 
the first and second rolls (6, 16) being ar- 

50 ranged to oppose each other and to cause the 

elongated film (36) to pass therebetween, one 
of the rolls (6, 16) being stationary, and the 
other roll (16) being movable in a direction to 
oppose the on roll (6); and 

55 pressure control means (35), arranged 

near two end portions of the movable roll (16) 
of the unit (20). for controlling a pressur ap- 
plied from each of th rolls (6, 16) to the film 
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(36). 

2. The apparatus according to claim 1, character- 
ized in that the particle (7) having a Mohs 
hardness value of not less than 5 is a synthetic 
diamond particle. 

3. The apparatus according to claim 1, character- 
ized in that the second roll (16) essentially 
makes of a hard metal. 

4. The apparatus according to claim 1, character- 
ized in that the second roll (16) is formed by 
coating a polymeric resin layer on a surface of 
a metal roll body. 

5. The apparatus according to claim 1 , character- 
ized in that the first and second rolls (6, 16) 
are respectively rotated by shafts (9. 18) ex- 
tending through the centers of said rolls (6, 
16), and shaft portions located near two ends 
thereof are axially supported by bearings (4, 
14) incorporated in boxes (5, 15), respectively. 

6. The apparatus according to claims 1 and 5, 
characterized in that the pressure control 
means (35) comprises springs (28) for respec- 
tively biasing the boxes (15), arranged near 
two end portions of the shaft (18) of the mov- 
able roll (16), against the stationary roll (6). 

7. The apparatus according to claim 1, character- 
ized in that a plurality of units, each of which is 
identical to the unit in which the pressure con- 
trol means is arranged, are arranged in a con- 
veying direction of the film. 

I The apparatus according to claim 1, character- 
ized in that destaticizing means (38) is ar- 
ranged at an outlet of the unit (20). 

I. The apparatus according to claim 8, character- 
ized in that the destaticizing means (38) com- 
prises a vessel (39) in which pure water is 
stored, and an ultrasonic wave generating 
member for applying ultrasonic waves to the 
pure water. 

0. A porous film manufacturing apparatus char- 
acterized by comprising: 

feed means for feeding an elongated film 
(36); 

a perforating unit (20) including a first ro- 
tatable roll (6) having a surface on which a 
large number of particles (7), each having ac- 
ute corner portions and a Mohs hardness value 
of not less than 5, are deposited, and a second 
roll (16) which is rotatabl in a direction re- 


verse to a rotating direction of the first roll (6), 
the first and second rolls (6, 16) being ar- 
ranged to oppose each other and to cause the 
elongated film (36) to pass therebetween, one 

5 of the rolls (6, 16) being stationary, and the 

other roll (16) being movable in a direction to 
oppose the one roll (6); 

pressure control means (35), arranged 
near two end portions of the movable roll (16) 

to of the unit (20), for controlling a pressure ap- 

plied from each of the rolls (6, 16) to the film 
(36); and 

arc radiation means (41), arranged at an 
outlet of the unit (20), for radiating an arc on 
;s the film (36) conveyed from the unit (20). 

11. The apparatus according to claim 10, char- 
acterized in that the particle (7) having a Mohs 
hardness value of not less than 5 is a synthetic 

20 diamond particle. 

12. The apparatus according to claim 10, char- 
acterized in that the second roll (16) essentially 
makes of a hard metal. 

25 

13. The apparatus according to claim 10, char- 
acterized in that the second roll (16) is formed 
by coating a polymeric resin layer on a surface 
of a metal roll body. 

30 

14. The apparatus according to claim 10, char- 
acterized in that the first and second rolls (6, 
16) are respectively rotated by shafts (9, 18) 
extending through the centers of said rolls (6, 

35 16), and shaft portions located near two ends 

thereof are axially supported by bearings (4, 
14) incorporated in boxes (5, 15), respectively. 

15. The apparatus according to claims 10 and 14, 
40 characterized in that the pressure control 

means (35) comprises springs (28) for respec- 
tively biasing the boxes (15), arranged near 
two end portions of the shaft (18) of the mov- 
able roll (16), against the stationary roll (6). 

45 

16. The apparatus according to claim 10, char- 
acterized in that a plurality of units, each of 
which is identical to said unit in which the 
pressure control means is arranged, are ar- 

50 ranged in a conveying direction of the film. 

17. The apparatus according to claim 10, char- 
acterized in that the arc radiation means (41) 
comprises a rotatable dielectric roll (42) ar- 

55 ranged to be separated from the film (36) 

conveyed from the unit (20) and having a sur- 
face on which a large number of fine projec- 
tions (45) are formed, and an I ctrod (52), 


45 


EP 0 502 237 A1 


46 


arranged to oppose the dielectric roll (42), for 
inducing high-voltage discharge between the 
electrode (52) and the dielectric roll (42) to 
radiate an arc in the direction of width of the 
film (36). 5 

18. The apparatus according to claim 17, char- 
acterized in that the large number of projec- 
tions (45) on the surface of the dielectric roll 

(42) are formed by coating the surface with a io 
dielectric cloth having a stitch spacing on the 
micron order. 

19. The apparatus according to claim 10, char- 
acterized in that destaticizing means (38) is is 
arranged at an outlet of the arc radiation 
means (41). 

20. The apparatus according to claim 19, char- 
acterized in that the destaticizing means (38) 20 
comprises a vessel (39) in which pure water is 
stored, and an ultrasonic wave generating 
member for applying ultrasonic waves to the 
pure water. 

25 

21. A porous film manufacturing apparatus char- 
acterized by comprising: 

feed means for feeding an elongated film 
(160); 

a perforating unit (129) including a first 30 
rotatable roll (106) having a surface on which a 
large number of particles (107), each having 
acute corner portions and a Mohs hardness 
value of not less than 5, are deposited, a 
second roll (117) which has a surface made of 35 
a hard material and is rotatable in a direction 
reverse to a rotating direction of the first roll 
(106), and a third roll (124) which has a surface 
made of a soft material and is rotatable in a 
direction reverse to the rotating direction of the 40 
first roll (106). the first to third rolls (106, 117, 
124) being arranged to oppose each other with 
the first roll (106) being a middle roll of the first 
to third rolls (106, 117, 124) and to cause the 
elongated film (160) to pass between the first 45 
and second rolls (106, 117) and between the 
first and third rolls (106, 124), the first roll 
(106) being stationary, and the second and 
third rolls (117, 124) being movable in a direc- 
tion to oppose the first roll (106); so 

first pressure control means (144), ar- 
ranged near two end portions of the second 
roll (117) of the unit (129), for controlling pres- 
sures applied from the first and s cond rolls 
(106, 1 19) to th film (160); and 55 

second pressure control means (159). ar- 
ranged near two end portions of the third roll 
(124) of the unit (129), for controlling pressures 


applied from the first and third rolls (106, 124) 
to the film (160). 

22. The apparatus according to claim 21, char- 
acterized in that the particle (107) having a 
Mohs hardness value of not less than 5 is a 
synthetic diamond particle. 

23. The apparatus according to claim 21, char- 
acterized in that the second roll (117) essen- 
tially makes of a hard metal. 

24. The apparatus according to claim 21, char- 
acterized in that the third roll (124) is formed 
by coating a polymeric resin layer on a surface 
of an iron roll body. 

25. The apparatus according to claim 21, char- 
acterized in that the first to third rolls (106, 
117, 124) are respectively rotated by shafts 
(109, 119, 127) extending through the centers 
of the rolls (106, 117, 124), and shaft portions 
located near two ends thereof are axially sup- 
ported by bearings (104, 115, 122) incorpo- 
rated in boxes (105. 116, 123). respectively. 

26. The apparatus according to claims 21 and 25, 
characterized in that the first pressure control 
means (144) comprises springs (137) for re- 
spectively biasing the boxes (116), arranged 
near two end portions of the shaft (119) of the 
second roll (117), against the first roll (106). 

27. The apparatus according to claims 21 and 25, 
characterized in that the second pressure con- 
trol means (159) comprises springs (152) for 
respectively biasing the boxes (123), arranged 
near two end portions of the shaft (127) of the 
third roll (124), against the first roll (106). 

28. The apparatus according to claim 21, char- 
acterized in that a plurality of units, each of 
which is identical to the unit in which said first 
and second pressure control means are ar- 
ranged, are arranged in a conveying direction 
of the film. 

29. The apparatus according to claim 21, char- 
acterized in that destaticizing means (162) is 
arranged at an outlet of the unit (129). 

30. The apparatus according to claim 29, char- 
acterized in that the destaticizing means (162) 
comprises a vessel (163) in which pure water 
is stored, and an ultrasonic wave generating 
member for applying ultrasonic waves to the 
pure water. 


47 EP 0 502 237 A1 48 


31. A porous film manufacturing apparatus char- 
acterized by comprising: 

feed means for feeding an elongated film 
(160); 

a perforating unit (129) including a first 
rotatable roll (106) having a surface on which a 
large number of particles (107), each having 
acute corner portions and a Mohs hardness 
value of not less than 5, are deposited, a 
second roll (117) which has a surface made of 
a hard material and is rotatable in a direction 
reverse to a rotating direction of the first roll 
(106), and a third roll (124) which has. a surface 
made of a soft material and is rotatable in a 
direction reverse to the rotating direction of the 
first roll (106), the first to third rolls (106, 11 7 V 
1 24) being arranged to oppose each other with 
the first roll (106) being a middle roll of the first 
to third rolls (106, 117, 124) and to cause the 
elongated film (160) to pass between the first 
and second rolls (106. 117) and between the 
first and third rolls (106. 124). the first roil 
(106) being stationary, and the second and 
third rolls (117. 124) being movable in a direc- 
tion to oppose the first roll (106): 

first pressure control means (144), ar- 
ranged near two end portions of the second 
roll (117) of the unit (129). for controlling pres- 
sures applied from the first and second rolls 
(106, 117) to the film (160): 

second pressure control means (159), ar- 
ranged near two end portions of the third roll 
(124) of the unit (129), for controlling pressures 
applied from the first and third rolls (106, 124) 
to the film (160); and 

arc radiation means (165), arranged at an 
outlet of the unit (1 29), for radiating an arc on 
the film (160) conveyed from the unit (129). 

32. The apparatus according to claim 31, char- 
acterized in that the particle (107) having a 
Mohs hardness value of not less than 5 is a 
synthetic diamond particle. 

33- The apparatus according to claim 31, char- 
acterized in that the second roll (117) essen- 
tially makes of a hard metal. 

34. The apparatus according to claim 31, char- 
acterized in that the third roll (124) is formed 
by coating a polymeric resin layer on a surface 
of an iron roll body. 

35. The apparatus according to claim 31. char- 
acterized in that the first to third rolls (106, 
117, 124) are respectively rotated by shafts 
(109, 119, 127) extending through the cent rs 
of the rolls (106. 117, 124), and shaft portions 


located near two ends thereof are axially sup- 
ported by bearings (104, 115, 122) incorpo- 
rated in boxes (105, 116, 123), respectively. 

5 36. The apparatus according to claims 31 and 35. 
characterized in that the first pressure control 
means (144) comprises springs (137) for re- 
spectively biasing the boxes (116), arranged 
near two end portions of the shaft (119) of the 

io second roll (117), against the first roll (106). 

37. The apparatus according to claims 31 and 35, 
characterized in that the second pressure con- 
trol means (159) comprises springs (152) for 

is respectively biasing the boxes (123), arranged 

near two end portions of the shaft (127) of the 
third roll (124), against the first roll (106). 

38. The apparatus according to claim 31, char- 
20 acterized in that a plurality of units (129i, 

1292). each of which is identical to said unit in 
which the first and second pressure control 
means (I44i. 1442, 159i, 1592) are arranged, 
are arranged in a conveying direction of the 
25 film (160). 

39. The apparatus according to claim 31, char- 
acterized in that the arc radiation means (165) 
comprises a rotatable dielectric roll (166) ar- 

30 ranged to be separated from the film (160) 

conveyed from the unit (129) and having a 
surface on which a large number of fine pro- 
jections (169) are formed, and an electrode 
(176), arranged to oppose the dielectric roll 

as (166), for inducing high-voltage discharge be- 

tween the electrode (176) and the dielectric roll 
(166) to radiate an arc in the direction of width 
of the film (160). 

40 40. The apparatus according to claim 39, char- 
acterized in that the large number of projec- 
tions (169) on the surface of the dielectric roll 
(166) are formed by coating the surface with a 
dielectric cloth having a stitch spacing on the 

45 micron order. 

41. The apparatus according to claim 31, char- 
acterized in that destaticizing means (162) is 
arranged at an outlet of the arc radiation 

so means (165). 

42. The apparatus according to claim 41, char- 
acterized in that the destaticizing means (162) 
comprises a vessel (163) in which pure water 

55 is stor d, and an ultrasonic wave generating 

member for applying ultrasonic waves to the 
pur water. 
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